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Cross-Reference to Related Application 
5 This application is related to Japanese Patent Applications Nos. 

2001-040238 filed in February 16, 2001, 2001-040274 filed in 
February 16, 2001, 2001-157128 filed in May 25, 2001 and 
2001-169644 filed in June 5, 2001, whose priorities are claimed under 
35 USC §119, the disclosure of which is incorporated by reference in 
10 its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a method for forming micropatterns, and 
15 in particular, it relates to a method for forming micropatterns necessary 
for producing an optical disk master for manufacturing optical disks 
and the like for recording information at high density. 

2. Description of the Related Art 

Recently, to realize optical disks with higher density, narrower 
2 0 track pitches are employed for the guide grooves and pre-pits of optical 
disks. The guide grooves and the pre-pits are generally formed by a 
so-called mastering process; i.e., the optical disk master is produced by 
exposure and development of a photoresist, which comprises irradiating 
a converged laser radiation to the photoresist coated on a glass 
25 substrate. 
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In this case, the optical beam spot diameter of the converged 
laser radiation is approximately 0.8 X/NA, where X represents the 
wavelength of the laser radiation, and NA represents the numerical 
aperture of the objective lens for converging the laser radiation. 

Conventionally, in order to realize narrower track pitches for the 
guide grooves and pre-pits on optical disks, the wavelength X of the 
laser radiation is shortened and the numerical aperture NA of the 
objective lens is increased with an aim to decrease the spot diameter of 
the optical beam. 

Laser cutting conventionally employed for an optical disk master 
having coated thereon a positive type photoresist 6 is described below. 
Fig. 1 shows a schematically shown constitution of a conventional laser 
cutting. 

Referring to Fig. 1, a laser radiation 2 emitted from a laser light 
source 1 is reflected by mirrors 3-1 and 3-2, and after the optical 
intensity is controlled by an optical modulator 4, the laser radiation is 
reflected by a down edge mirror 3-3 and is transmitted through an 
objective lens 5 to be convergent irradiated onto a positive -type 
photoresist coated on a glass substrate 7. 

The glass substrate 7 is attached to a spindle motor 8. By 
moving the down edge mirror 3-3 and the objective lens 5 in 
synchronization with the rotation of the glass substrate 7 in accordance 
with the rotation of the spindle motor, exposure is performed on the 
positive-type photoresist 6 in correspondence with the spiral-like guide 
groove and pre-pits. After the exposure, positive-type photoresist 



patterns corresponding to the spiral-like guide groove and pre-pits are 
formed by carrying out the development of the positive-type photoresist 
6. 

In Fig. 2 is shown a normalized optical intensity distribution 
5 with respect to the spot diameter of the optical beam converged on a 
positive-type photoresist 6 of a conventional type. This shows an 
approximately Gaussian optical intensity distribution. 

In general, the optical beam spot diameter BS is defined by the 
range in which the optical intensity becomes 1/e 2 of the maximum 
10 optical intensity. The optical beam spot diameter BS depends on the 
wavelength X of the employed laser radiation 2 and the numerical 
aperture NA of the objective lens 5 for converging the laser radiation 2, 
and is approximated by ca. 0.8 x X/NA. 

For instance, in case of using a Kr laser light source 1 with a 
15 laser radiation 351 nm in wavelength as the laser radiation 2, and by 
using an objective lens having a numerical aperture NA of 0.95, the 
optical beam spot diameter BS becomes 296 nm. 

Figure 3 shows the state in which latent image 9 is formed in 
case the positive-type photoresist 6 formed on a glass substrate 7 is 
2 0 exposed to an optical beam 2 having the optical beam spot diameter BS 
described above. On passing through the positive-type photoresist 6, 
the optical intensity of the optical beam 2 becomes weaker due to 
optical absorption, as to form a wide latent image 9 on the surface of 
the positive-type photoresist despite it is narrow on the glass substrate. 
2 5 In Fig. 4 is shown the state in case the latent image 9 is formed 
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by exposing neighboring guide groove with a track pitch TP 
approximately equal to the optical beam spot diameter BS. For 
instance, in case the optical beam spot diameter BS is 296 nm, the 
track pitch TP is 300 nm. The position of the latent image 9 
5 corresponds to the guide groove. 

In Fig. 5 is shown the state in case the latent image 9 is formed 
on the positive-type photoresist 6 after continuously forming spiral-like 
guide groove above. Fig. 6 gives a positive-type photoresist pattern 10 
obtained after developing the latent image 9 shown in Fig. 5. 

10 Referring to Fig. 6, since the optical beam spot diameter BS is 

approximately the same as the track pitch TP, only slight positive-type 
photoresist pattern 10 remains between the guide grooves 11, and, 
furthermore, it has been found that rectangular patterns cannot be 
obtained. In such a state, a slight change in optical beam intensity on 

15 cutting or a fluctuation in track pitch attributed to external oscillation 
considerably affects the shape of the positive-type photoresist pattern 
10, and in a worst case, it has been observed to generate drop outs of 
the positive-type photoresist pattern 10 to make stable tracking 
difficult. 

20 To circumvent such inconveniences, a wider positive-type 

photoresist pattern 10 is found necessary. Accordingly, an attempt 
has been made to form a wider positive-type photoresist pattern 10 by 
decreasing the intensity of the laser radiation 2 in exposing the 
positive-type photoresist 6. 

25 In Fig. 7 is shown the state of a latent image obtained with a 
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laser radiation decreased in intensity. Referring to Fig. 7, with a laser 
radiation 2 decreased in intensity in exposing, a V shaped groove-like 
latent image 9 corresponding to the optical intensity distribution of the 
optical beam spot is found to form, and in this case again, it has been 
5 confirmed that no rectangular positive-type photoresist pattern is 
formed. 

Furthermore, a track pitch TP greater than, about twice, the 
optical beam spot diameter BS, is necessary to obtain a rectangular 
pattern. 

10 Accordingly, in case a glass substrate having coated directly 

thereon a positive-type photoresist 6 is used for the production of an 
optical disk master, it has been found difficult to obtain a narrowed 
track pitch while retaining stable tracking performance. 

Furthermore, the numerical aperture NA of the objective lens 

15 used at present is already approaching the limit, and, since laser 
radiation in the ultraviolet region is currently in use, it is difficult to use 
a laser radiation shorter in wavelength. More specifically, an objective 
lens with a numerical aperture NA of 0.95 is employed, and a Kr laser 
351 nm in wavelength is utilized as the light source. In this case, the 

2 0 resulting optical beam spot diameter is about 0.3 |im, and it is 
unfeasible to realize a track pitch of 0.3 |im or shorter. 

SUMMARY OF THE INVENTION 
The invention provides a method for forming micropatterns, 
which comprises forming a thin film consisting of a single layer or of 

25 plural layers on a substrate, irradiating an energy beam to the thin film 
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to elevate the temperature of a region to a predetermined temperature 
or higher to thereby modify the region of the thin film, and patterning 
the thin film at least in such a manner to leave over the modified region. 
Further, this invention provides a method for forming 
5 micropatterns as claimed in Claim 1, wherein said modified region is 
left over by forming a metallic film on the surface of the substrate, 
forming a resin layer on the metallic film, forming a modified layer 
insoluble to a development solution by elevating the temperature of a 
region of the resin layer to a predetermined temperature or higher by 

10 irradiating a converged optical beam to a predetermined position from 
above the resin layer, and selectively removing the resin layer other 
than the modified layer. 

Furthermore, this invention provides a method for forming 
micropatterns as claimed in Claim 1, wherein the method comprises 

15 forming a metallic film on the surface of the substrate, elevating the 
temperature of the metallic film to a predetermined temperature or 
higher by irradiating a converged optical beam to a predetermined 
position of the metallic film from above the metallic film, thereby 
forming a mixed film consisting of the metallic film and the substrate at 

20 the interface between the substrate and the metallic film whose 
temperature has been elevated, selectively removing the metallic film 
alone, and etching a region of the substrate having no mixed film 
formed thereon for a predetermined amount in such a manner that the 
mixed film and the underlying substrate are left over. 

25 Furthermore, this invention provides a method for forming 
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micropatterns as claimed in Claim 1, wherein the method comprises 
forming a mask layer on a substrate, forming a metallic film on the 
surface of the mask layer, elevating the temperature of the metallic film 
to a predetermined temperature or higher by irradiating a converged 
5 optical beam to a predetermined position of the metallic film from above 
the metallic film, thereby forming a mixed layer consisting of the 
metallic film and the mask layer at the interface between the metallic 
film and the mask layer whose temperature has been elevated, 
selectively removing the metallic film, and selectively etching a region of 

10 the mask layer having no mixed layer formed thereon in such a manner 
that the mixed layer is left over. 

Furthermore, this invention provides a method for forming 
micropatterns as claimed in Claim 1, wherein the method comprises 
forming a heat-sensitive multilayer film on the surface of the substrate, 

15 forming a mixed film the heat-sensitive multilayer film by elevating the 
temperature to a predetermined temperature or higher by irradiating a 
converged optical beam from above the heat- sensitive multilayer film, 
and selectively removing the portion of the heat- sensitive multilayer film 
other than the mixed film, so that the mixed film is left over on the 

20 substrate. 

Therefore, a micropattern comprising prepits and guide grooves 
smaller than the optical beam diameter can be produced. 

In this invention, the optical beam is employed as an energy 

beam. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a schematically drawn constitution of a laser cutting 
apparatus for use in producing an optical disk master according to the 
invention; 

Fig. 2 is an explanatory diagram showing a normalized optical 
5 intensity distribution with respect to a converged optical beam spot 
diameter; 

Fig. 3 is a cross section view provided to explain an exposure 
process in a conventional laser cutting; 

Fig. 4 is another cross section view provided to explain an 
1 0 exposure process in a conventional laser cutting; 

Fig. 5 is still other cross section view provided to explain an 
exposure process in a conventional laser cutting; 

Fig. 6 is cross section view of a positive-type photoresist pattern 
formed by a conventional laser cutting; 
15 Fig. 7 is a cross section view provided to explain an exposure 

process in a conventional laser cutting; 

Fig. 8 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 
2 0 Fig. 9 is an explanatory drawing of a temperature distribution at 

the boundary with respect to an optical beam spot diameter according 
to the invention; 

Fig. 10 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
2 5 master according to the invention; 



Fig. 11 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 12 is a cross section view provided to explain a state after 
5 latent image is removed in accordance with the invention; 

Fig. 13 is a cross section view provided to explain a state in 
which a metallic film having no modified photoresist layer formed 
thereon is etched in accordance with the invention; 

Fig. 14 is a cross section view provided to explain a state after 
1 0 modified photoresist layer is removed in accordance with the invention; 

Fig. 15 is a cross section view provided to explain a state in 
which a surface of a substrate region having no metallic film formed 
thereon is etched in accordance with the invention; 

Fig. 16 is a diagram showing a finished optical disk master 
15 obtained by a production process according to the invention; 

Fig. 17 is a cross section view provided to explain a state in 
which an electrode film is formed on an optical disk master according to 
the invention; 

Fig. 18 is a cross section view provided to explain a state in 
20 which an Ni electrocasting film is formed on an optical disk master 
according to the invention; 

Fig. 19 is a cross section view provided to explain a state in 
which an Ni electrocasting film is stripped off from an optical disk 
master according to the invention; 
25 Fig. 20 is a cross section view provided to explain a state in 
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which a resin optical disk substrate is produced from a stamper 
according to the invention; 

Fig. 21 shows a finished optical disk substrate produced 
according to the invention; 

Fig. 22 is a cross section view provided to explain a state in 
which a recording medium is formed on an optical disk substrate 
according to the invention; 

Fig. 23 is cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 24 is an explanatory drawing of a temperature distribution 
at the boundary with respect to an optical beam spot diameter 
according to the invention; 

Fig. 25 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 26 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 27 is a cross section view provided to explain a state after a 
metallic film and a transparent film are removed in accordance with the 
invention; 

Fig. 28 is a cross section view provided to explain a state in 
which a surface of a substrate region having no mixed film formed 
thereon is etched in accordance with the invention; 
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Fig. 29 shows a finished optical disk master produced according 
to a production process of the invention; 

Fig. 30 is a cross section view provided to explain a state in 
which an electrode film is formed on an optical disk master according to 
5 the invention; 

Fig. 31 is a cross section view provided to explain a state in 
which an Ni electrocasting film is formed on an optical disk master 
according to the invention; 

Fig. 32 is a cross section view provided to explain a state in 
10 which an Ni electrocasting film is stripped off from an optical disk 
master according to the invention; 

Fig. 33 is a cross section view provided to explain a state in 
which a resin optical disk substrate is produced from a stamper 
according to the invention; 
15 Fig. 34 shows a finished optical disk substrate produced 

according to the invention; 

Fig. 35 is a cross section view provided to explain a state in 
which a recording medium is formed on an optical disk substrate 
according to the invention; 
20 Fig. 36 is cross section view provided to explain an exposure 

process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 37 is an explanatory drawing of a temperature distribution 
at the boundary with respect to an optical beam spot diameter 
2 5 according to the invention; 
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Fig. 38 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 39 is a cross section view provided to explain an exposure 
5 process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 40 is a cross section view provided to explain a state after a 
transparent film and a metallic film are removed in accordance with the 
invention; 

10 Fig. 41 is a cross section view provided to explain a state in 

which a mask layer region having no mixed layer formed thereon is 
etched in accordance with the invention; 

Fig. 42 is a cross section view provided to explain a state in 
which a substrate surface region having no mixed layer formed thereon 
15 is etched in accordance with the invention; 

Fig. 43 shows a finished optical disk master produced according 
to a production process of the invention; 

Fig. 44 is a cross section view provided to explain a state in 
which an electrode film is formed on an optical disk master according to 
20 the invention; 

Fig. 45 is a cross section view provided to explain a state in 
which an Ni electrocasting film is formed on an optical disk master 
according to the invention; 

Fig. 46 is a cross section view provided to explain a state in 
25 which an Ni electrocasting film is stripped off from an optical disk 
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master according to the invention; 

Fig. 47 is a cross section view provided to explain a state in 
which a resin optical disk substrate is produced from a stamper 
according to the invention; 
5 - Fig. 48 shows a finished optical disk substrate produced 

according to the invention; 

Fig. 49 is a cross section view provided to explain a state in 
which a recording medium is formed on an optical disk substrate 
according to the invention; 
10 Fig. 50 is a cross section view showing a grooved pattern 

obtained by etching the mixed layer after etching the mask layer; 

Fig. 51 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 
15 Fig. 52 is an explanatory drawing of a temperature distribution 

at the boundary with respect to an optical beam spot diameter 
according to the invention; 

Fig. 53 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
2 0 master according to the invention; 

Fig. 54 is a cross section view provided to explain an exposure 
process of an embodiment of a method for producing an optical disk 
master according to the invention; 

Fig. 55 is a cross section view provided to explain a state after a 
2 5 transparent film is removed in accordance with the invention; 
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Fig. 56 is a cross section view provided to explain a state after a 
heat- sensitive multilayer film is removed in accordance with the 
invention; 

Fig. 57 is a cross section view provided to explain a state in 
which a substrate surface region having no mixed film formed thereon 
is etched in accordance with the invention; 

Fig. 58 shows a finished optical disk master produced according 
to a production process of the invention; 

Fig. 59 is a cross section view provided to explain a state in 
which an electrode film is formed on an optical disk master according to 
the invention; 

Fig. 60 is a cross section view provided to explain a state in 
which an Ni electrocasting film is formed on an optical disk master 
according to the invention; 

Fig. 61 is a cross section view provided to explain a state in 
which an Ni electrocasting film is stripped off from an optical disk 
master according to the invention; 

Fig. 62 is a cross section view provided to explain a state in 
which a resin optical disk substrate is produced from a stamper 
according to the invention; 

Fig. 63 shows a finished optical disk substrate produced 
according to the invention; and 

Fig. 64 is a cross section view provided to explain a state in 
which a recording medium is formed on an optical disk substrate 
according to the invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention is described in detail with reference to the 
embodiments shown in the drawings. It should be understood, 
however, that the invention is not limited thereby. 
5 An object of the present invention is to provide a method for 

forming micropatterns having guide grooves smaller than an optical 
beam spot diameter by yet using an objective lens and laser radiation 
similar to those used conventionally, and by forming on the surface of a 
substrate, for example, a modified resin layer, a mixed film, or the like 

10 having a narrower width. 

<Example 1: Metallic film and resin layer, modified layer> 

The modified layer above is preferably formed in a region smaller 
than the spot diameter of a convergent irradiated optical beam, and 
particularly preferably, the metallic film and the resin layer provide an 

15 antireflection structure with respect to the convergent irradiated optical 
beam. A substrate having micropatterns formed in this manner can be 
used as an optical disk master and the like. 

The resin layer portion other than the modified layer as 
described above can be removed selectively by using a development 

20 solution for a positive-type photoresist, for instance, Microposit 351 
manufactured by Shipley Company, L.L.C. In this instance, since the 
temperature of the modified layer portion is elevated to a predetermined 
temperature by an optical beam irradiated thereto, the positive 
photoresist resulted in a state of hard baked state, and made insoluble 

25 to a development solution for a positive-type photoresist. 
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Furthermore, with respect to the substrate having the modified 
layer left over, the metallic film in the region having no modified layer 
formed thereon may be etched by using the modified layer as a mask, 
and the modified layer may be selectively removed. The substrate thus 
5 obtained after etching the metallic film can be used as an optical disk 
master and the like. 

The etching of the metallic film in this case may be carried out 
by dry etching. 

Furthermore, after selectively removing the modified layer, the 
10 region of the substrate having no metallic film formed thereon may be 
etched by using the remaining metallic film as a mask, and the metallic 
film may be selectively removed thereafter. 

Then, by using the optical disk master having the micropatterns 
as above, an optical disk stamper can be produced by performing 
15 so-called transfer process. 

Further, an optical disk can be produced by using the optical 
disk stamper above and by carrying out injection molding of a resin and 
the formation of a recording medium and the like. 

Usable as the metallic films are, for instance, Ta or Ni, but there 
20 can also be used Ti, Co, and the like. As the substrate, there can be 
used glass, silicon, plastics, and the like. A positive-type photoresist 
can be used as the resin layer. 

A conventional laser cutting apparatus as shown in Fig. 1 is also 
usable as the laser cutting apparatus for use in the production of an 
2 5 optical disk master according to the invention. 
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Conventionally used was a glass substrate having directly 
formed thereon a positive-type photoresist 6. In the invention, however, 
used is a glass substrate 7 having formed thereon a metallic film. 

According to the invention, an optical disk master having 
5 micropatterns is produced by a method as follows. 

The example below refers to an optical disk of a land recording 
method or a groove recording method, in which the micropatterns 
formed on the surface of the substrate comprise a pair of an indented 
£J portion and a protruded portion to constitute a single track, and in 

■- J : 10 which the information is recorded in either of the indented portion or 
J ; : the protruded portion. According to this method, the length 

- 1 corresponding to the sum of the width of a pair of indented portion and 

J=n protruded portion is the track pitch TP. 

U In Fi §- 8 is given a schematically drawn explanatory diagram for 

- 15 laser cutting according to the production method for an optical disk 

fll 

master of the invention. 

As the optical disk master, there is used a substrate 7 made of 
glass (quartz), silicon, and the like, having formed thereon in this order, 
a metallic film 12 (made of, e.g., Ta) and a positive-type photoresist 13. 

2 0 In this case, the film thickness of the positive-type photoresist 

13 should be set as such that it exhibits an antireflective effect with 
respect to the laser radiation 2 used for the exposure. For instance, 
the film thickness w of a preferred positive-type photoresist 13 can be 
expressed by w = (mX)/(4n), where X represents the wavelength of the 

25 laser radiation 2, n represents the refractive index of the positive- type 
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photoresist 13, and m is an odd number. 

By thus providing a positive-type photoresist 13 with an 
antireflection structure formed on the metallic film 12, the optical beam 
2 is absorbed by the metallic film 12 and the positive-type photoresist 
5 13. In case the optical beam is absorbed by the positive-type 
photoresist 13, a Gaussian temperature distribution corresponding to 
the intensity distribution of the optical beam 2 results in the 
positive-type photoresist 13. In Fig. 9 is shown an example of a 
temperature distribution with respect to the spot diameter of the optical 

1 0 beam irradiated to the positive-type photoresist. 

In this instance, the positive-type photoresist 1 3 is modified with 
elevated temperature; for example, in a region elevated in temperature 
to 150 °C, a resin layer insoluble to a development solution is formed. 

For instance, Fig. 9 shows a temperature distribution in case the 

15 optical beam spot diameter BS is set to 300 nm. In this case, the 
temperature distribution yields a peak of 200 °C in the positive-type 
photoresist 13, and the width of the region having its temperature 
elevated to 150 °C or higher, i.e., the width of the modified layer, is 
about 100 nm. The critical temperature for initiating modification 

20 (which is referred to hereinafter as modification temperature) of the 
positive-type photoresist 13 is 150 °C. 

Since the positive-type photoresist 13 in the portion of a region 
remaining at a temperature of 150 °C or lower does not undergo a 
distinguished modification, it is removed by development in the 

25 subsequent process steps. The term "modification" as referred herein 
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signifies that the positive-type photoresist undergoes a chemical change 
rendered insoluble when immersed in the development solution for the 
positive-type photoresist 13. 

Fig. 8 shows a state in which a latent image is formed in the 
5 positive-type photoresist 13 in case laser cutting is performed under the 
presence of the temperature distribution. A positive-type photoresist 
modified layer 14, whose temperature is elevated to 150 °C or higher, is 
formed at the central portion of the optical beam spot, and a 
jl! developable latent image 9 is formed in the peripheral region. The 

- 10 width of the positive-type photoresist modified layer 14 is smaller than 
the optical beam spot diameter BS. The formation of such a modified 
Py layer 14 with a minute width was confirmed through observation of the 

fg developed pattern under electron microscope. 

U Referring to Fig. 2, it can be understood that laser radiation 2 

If! 

O 15 with a certain degree of intensity is irradiated to the region outside the 
range of the optical beam spot diameter BS; hence, in case an optical 
beam 2 with an intensity capable of elevating the temperature of the 
positive- type photoresist 13 is irradiated, the latent image 9 is formed 
over a range wider than the optical beam spot diameter BS. 

20 In Fig. 10 is shown a cross section shape in case exposure is 

performed to the neighboring track with a track pitch TP almost 
equivalent to that of the optical beam spot diameter BS. In this case, 
the positive- type photoresist modified layer 14 is formed separated in 
the direction of the track, and is superposed on the latent images 9 of 

25 the neighboring tracks. 



Fig. 11 shows a cross section shape in case the laser cutting 
above is performed continuously to implement a spiral-like laser cutting. 
In the positive-type photoresist 13, a positive-type photoresist modified 
layer 14 and a latent image 9 are aligned alternately. The continuous 
5 cutting is carried out by gradually moving the down edge mirror 3-3 and 
the objective lens 5 shown in Fig. 1. 

Fig. 12 shows a cross section shape obtained after developing 
the positive-type photoresist 13 in the state shown in Fig. 1 1 by using a 
developing solution. The positive-type photoresist 13 corresponding to 
10 the portion of the latent image 9 alone is removed, and a guide track 14 
made of positive-type photoresist modified layer 14 is formed. The 
potion between the guide tracks 14 provides a guide groove 11. The 
structure shown in Fig. 12 can be used as an optical disk master. 

Subsequently, in a state shown in Fig. 12, the portion of the 
15 metallic film 12 having no modified layer 14 formed thereon is etched by 
using the positive-type photoresist modified layer 14 as a mask. The 
etching can be performed by using wet etching or dry etching. 

Figure 13 shows a cross section shape obtained after etching the 
metallic film 12. Referring to Fig. 13, a rectangular guide track made 
20 of a laminate comprising the positive-type photoresist modified layer 14 
superposed on the metallic film 12 is formed at a track pitch TP of 
about 300 nm. 

Figure 14 shows a structure obtained after removing the 
positive-type photoresist modified layer 14 by using a positive-type 
25 photoresist remover or an organic solvent. In this manner, a glass 
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substrate 7 having a structure comprising guide tracks made of metallic 
film 12 arranged with an interval of the track pitch TP is obtained. The 
structure shown in Fig. 14 can also be used as an optical disk master. 

Subsequently, the portion of the glass substrate 7 having no 
5 metallic film 12 formed thereon is etched by using the metallic film 12 
as a mask. In Fig. 15 is shown a state obtained after etching the 
substrate 7. Fig. 16 shows a structure obtained after removing the 
metallic film 12 by using an acid (e.g., hydrochloric acid, sulfuric acid, 
and nitric acid) capable of dissolving the metallic film 12. Referring to 

10 Fig. 16, a structure comprising a glass substrate 7 having formed 
directly thereon a guide track consisting of indented and protruded 
portions is realized. The pitch of the guide track is equal to the track 
pitch TP. The structure shown in Fig. 16 can also be used as an 
optical disk master. 

15 The optical disk master thus finished comprises protruded 

portions as guide tracks, and since the pitch thereof is formed at a 
narrow track pitch TP nearly equal to the optical beam spot BS, an 
optical disk suitable for high density recording and having improved 
stability in tracking performance can be implemented by using the 

2 0 optical disk master thus obtained. 

The process for producing an optical disk from the optical disk 
masters finished by the production processes above is described below. 
Specifically, a process for producing an optical disk by using the optical 
disk master shown in Fig. 14 is explained below. 

25 In the following, the cross section states of the disk are shown. 
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More specifically, Fig. 17 shows the process step for forming an 
electrode film, Fig. 18 shows a step for forming an Ni electrocasting, Fig. 
19 shows a step for forming a stamper by stripping off, Fig. 20 shows a 
step for molding a resin optical disk substrate, Fig. 2 1 shows a step for 
5 finishing the optical disk substrate, and Fig. 22 shows a step for 
forming a recording medium. 

Firstly, as shown in Fig. 17, an electrode film 15 to provide an 
electrode for electrocasting is formed on the surface of the optical disk 
master by means of sputtering and the like. As the electrode film 

10 material, preferred is to use a metal such as Ni, Ta, stainless steel, and 
the like. Further, to facilitate the stripping off of the stamper from the 
electrode film 15 in the later step of stripping off the stamper, the 
surface of the electrode film is subjected to oxidation treatment by 
means of ashing and the like. 

15 Then, as shown in Fig. 18, an Ni electrocasting film 16 is formed 

by carrying out electrocasting of Ni using the electrode film 15 as the 
electrode. 

Subsequently, as shown in Fig. 19, after stripping off the Ni 
electrocasting film 16 from the electrode film 15, the back plane (the 
2 0 side having the indentations and protrusions as shown in Fig. 17) of the 
Ni electrocasting film is subjected to polish treatment. The Ni 
electrocasting film 16 thus subjected to polish treatment provides a 
stamper 17. 

As shown in Fig. 20, the stamper 17 is attached to an injection 
2 5 molding machine, and by injection molding a resin such as 



22 



polycarbonate, a resin optical disk substrate 18 can be obtained as 
shown in Fig. 2 1 . 

Finally, as shown in Fig. 22, a recording medium 19 is formed 
on the plane of the optical disk substrate 18 having formed thereon the 
5 guide track (i.e., the surface of the substrate having the indentations 
and protrusions) to obtain a finished optical disk. 

The recording medium 19 referred herein is a so-called 
structured layer consisting of plural layers for recording data; for 
instance, it may comprise a transparent dielectric layer, a recording 
10 layer, a transparent dielectric layer, and a reflection layer laminated in 
this order. 

Thus, the optical disk produced in this manner comprises a 
rectangular guide track (the protruded portion formed on the surface of 
the disk shown in Fig. 22) formed at a track pitch TP (e.g., 300 nm) 

15 nearly equal to the optical beam spot diameter BS used for laser cutting. 
Since a rectangular guide track is formed, an optical disk suitable for 
high density recording and having improved stability in tracking 
performance can be implemented with high precision by using the 
optical disk master produced in this manner. 

20 Examples of the optical disk masters and the methods for 

producing optical disk masters and the like according to the invention 
are described below. 

(Example 1-1) 

On a glass substrate 7, Ta film was formed at a film thickness of 
25 40 nm as a metallic film 12, and S1400 positive-type photoresist 
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produced by Shipley Company, L.L.C., was formed thereon at a film 
thickness of 50 nm to provide a positive-type photoresist 13. These 
films can be formed by spin coating. 

Subsequently, laser cutting was performed. More specifically, a 
5 laser radiation 2 emitted at a wavelength of 35 1 nm from a Kr laser light 
source 1 was converged and irradiated to the surface of the 
positive-type photoresist 13 by using an objective lens 5 having a 
numerical aperture NA of 0.95. The optical beam spot diameter BS of 
the converged laser radiation 2 was found to be approximately 300 nm. 

1 0 Then, laser cutting was performed at a track pitch TP of 300 nm 

and at a laser power intensity of 4 mW. The metallic film 12 and the 
positive-type photoresist 13 provide an antireflective structure with 
respect to a laser radiation 351 nm in wavelength. Thus was obtained 
a latent image 9 and a positive-type photoresist modified layer 14 

15 structure as shown in Fig. 1 1 in this process step. 

The latent image 9 and the positive-type photoresist modified 
layer 14 each had a pitch corresponding to the track pitch TP (= 300 
nm). The width of the latent image 9 in the lateral direction as 
observed on the paper sheet plane was found to be about 180 nm, and 

20 that of the positive-type photoresist modified layer 14 in the lateral 
direction as observed on the paper sheet plane was found to be about 
120 nm. 

Subsequently, the latent image 9 was subjected to development 
using a development solution. As shown in Fig. 12, thus was obtained 
2 5 an optical disk master having formed thereon the guide track and the 
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guide groove 11 made of the positive-type photoresist modified layer 14. 
On observing the thus formed positive-type photoresist modified layer 
14 under an electron microscope, the pattern width was found to be 
about 120 nm. 

Thus was obtained an optical disk master equipped with a guide 
track having track pitch TP approximately the same as that of the 
optical beam spot diameter BS and a pattern width narrower than the 
optical beam spot diameter BS. 

In the conventional production method described above, the 
track pitch TP had to be set about twice the beam spot diameter BS to 
obtain rectangular indentation and protrusion patterns. However, 
according to the invention, rectangular indentation and protrusion 
patterns can be implemented even in case the track pitch TP is 
approximately equal to the beam spot diameter BS. 

In the description above, Ta was used for the metallic film 12. 
However, the metallic film 12 is not only limited to Ta so long as the 
metallic film 12 and the positive-type photoresist 13 provides an 
antireflection structure with respect to the laser radiation used for the 
laser cutting. 

Subsequently, on the optical disk master shown in Fig. 12, an Ni 
electrocasting film 15 was formed by sputtering, and after oxidizing the 
surface of the Ni electrode film 15 by using oxygen plasma, an Ni 
electrocasting film 16 was formed by electrocasting to obtain a stamper 
17. Thus, a recording medium 19, which comprises a transparent 
dielectric layer, a recording layer, a transparent dielectric layer, and a 
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reflection layer, was sequentially formed on an optical disk substrate 18 
prepared by injection molding, and a protective coating layer made of an 
ultraviolet curable resin was formed thereon. The recording layer above 
is made from a material capable of recording information with a 
convergent irradiated laser radiation by using an optical pick up of an 
optical disk drive, and usable are an magnetooptical recording material 
or a phase transformation material. Thus was obtained an optical disk 
as shown in Fig. 22. 

(Example 1-2) 

In the present example, the optical disk master (shown in Fig. 
12) described in Example 1-1 above was placed inside a dry etching 
apparatus, and dry etching was applied thereto by using CF4 gas 
plasma. More specifically, dry etching of Ta metallic film 12 was 
performed by using the positive-type photoresist modified layer 14 as a 
mask. 

Since anisotropic etching is performed by dry etching, as 
compared with the guide track pattern formed by the positive-type 
photoresist modified layer 14, an optical disk master having a Ta 
metallic film pattern 12 of rectangular shape having an acute pattern 
edge could be realized. By following the method similar to that 
described in Example 1-1, an optical disk as shown in Fig. 22 can be 
produced by sequentially forming a stamper and an optical disk 
substrate. 

Although Ta was used as the metallic film 12 in the present case, 
there can be used any material capable of dry etching. Hence, 
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materials feasible for dry etching using CF 4 plasma include, for instance, 
Ti and Si. Furthermore, as materials capable of being etched in CC1 4 
plasma, there can be mentioned Al, Cr, and the like. Furthermore, 
although it is possible to perform etching by wet etching to the metallic 
5 film 12 using a metallic material soluble to an acid or an alkali, wet 
etching may generate side etching as to destroy the rectangular 
indentation and protrusion pattern. Hence, it is preferred to form an 
optical disk master by dry etching. 
(Example 1-3) 

10 In Example 1-3, Ni was used as the metallic film 12, and 

stainless steel was used for the electrode film 15. 

On a glass substrate 7, Ni film was formed at a film thickness of 
40 nm as a metallic film 12, and S1400 positive-type photoresist 
produced by Shipley Company, L.L.C., was formed thereon at a film 
15 thickness of 50 nm to provide a positive-type photoresist 13. 

Subsequently, laser cutting was performed. More specifically, a 
laser radiation 2 emitted at a wavelength of 351 nm from a Kr laser light 
source 1 was converged and irradiated to the surface of the 
positive-type photoresist 13 by using an objective lens 5 having a 
2 0 numerical aperture NA of 0.95. The optical beam spot diameter BS of 
the converged laser radiation 2 was found to be approximately 300 nm. 

Then, laser cutting was performed at a track pitch TP of 300 nm 
and at a laser power intensity of 4 mW. 

Subsequently, the latent image 9 was subjected to development 
25 using a development solution. As shown in Fig. 12, thus was obtained 
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an optical disk master having formed thereon the guide track and the 
guide groove 11 made of the positive-type photoresist modified layer 14. 

Then, by using the positive-type photoresist modified layer 14 as 
a mask, wet etching using nitric acid was performed on the Ni metallic 
5 film 12. On removing the positive-type photoresist modified layer 14 
above by means of ashing using oxygen plasma, a guide track made of 
metallic film 12 as shown in Fig. 14 was obtained. 

Subsequently, dry etching using CF 4 plasma was performed on 
the glass substrate 7 by using the metallic film 12 above as a mask. In 
10 this manner, a groove about 40 nm in depth was formed on the glass 
substrate 7 as shown in Fig. 15. Finally, the Ni metallic film 12 above 
was removed by wet etching using nitric acid. In this manner, as shown 
in Fig. 16, an optical disk master comprising a glass substrate 7 having 
thereon guide tracks and guide groove 11 with a track pitch TP was 
15 obtained. 

Subsequently, on the optical disk master shown in Fig. 16, a 
stainless steel electrode film 15 was formed by sputtering, and after 
oxidizing the surface of the stainless steel electrode 15 by using oxygen 
plasma, an Ni electrocasting film 16 was formed by electrocasting to 

2 0 obtain a stamper 17. A recording medium 19, which comprises a 
transparent dielectric layer, a recording layer, a transparent dielectric 
layer, and a reflection layer, was sequentially formed on an optical disk 
substrate 18 prepared by injection molding, and a protective coating 
layer made of an ultraviolet curable resin was formed thereon. The 

25 recording layer above is made from a material capable of recording 
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information with a convergent irradiated laser radiation by using an 
optical pick up of an optical disk drive, and usable are an 
magnetooptical recording material or a phase transformation material. 
Thus was obtained an optical disk as shown in Fig. 22. 
(Example 1-4) 

The optical disk master produced by the invention as shown in 
Fig. 16 is different from the optical disk master of a conventional type in 
that the indentation and protrusion shapes are reversed. Accordingly, 
the indentation and protrusion shapes also result reversed in the 
optical disk finally obtained as shown in Fig. 22. 

Accordingly, in Example 1-4, description is made on correcting 
the reversed indentation and protrusion. In the present case, a 
stamper 17 formed after the stripping off step shown in Fig. 19 is used. 
Firstly, the surface of the stamper 17 having the guide track thereon is 
oxidized by oxygen plasma. Thereafter, an Ni electrocasting film 16' is 
formed on the surface of the formed guide track by using the stamper 
17 as the electrode. The plane of the Ni electrocasting film 16' having 
the indentations and protrusions formed thereon comprises reversed 
indentations and protrusions as those of the Ni electrocasting film 
formed in Fig. 19. 

Then, by performing polishing on the back plane after stripping 
off the stamper 17 from the Ni electrocasting film 16', a work stamper 
17' is formed with reversed indentations and protrusions with respect to 
the stamper 17. By forming an optical disk substrate by injection 
molding using the work stamper 17', an optical disk substrate having 



indentation and protrusion structure similar to that of a conventional 
type and yet having prepits and guide grooves (= 150 nm) smaller than 
the optical beam spot diameter (= about 300 nm) can be obtained. 

The invention refers to a land recording method or a groove 
5 recording method in which the information is recorded in either of the 
indented portion and the protruded portion of the micropattern, and 
description has been made specifically on the production of a substrate 
having a micropattern smaller than the optical beam spot diameter. 
However, a substrate having micropatterns with narrow width can also 

10 be formed in a land-groove recording method, in which information is 
recorded on both of the indented portion and the protruded portion. 

According to the invention, by irradiating a converged optical 
beam to a substrate having a metallic film and a resin layer formed in 
this order, a region of modified resin layer rendered insoluble to a 

15 development solution is formed to a part of the resin layer at a width 
smaller than the optical beam spot diameter. In this manner, a 
substrate having a micropattern comprising prepits and guide grooves 
smaller than the optical beam diameter can be produced. 

Further, by using the substrate having the micropattern, an 

2 0 optical disk master, a stamper for optical disks, and optical disks with a 
narrower track pitch can be produced. 
<Example 2: Metallic film and Substrate, Mixed film> 

The invention provides a method for forming micropatterns, 
which comprises forming a metallic film on the surface of a substrate, 

25 elevating the temperature of the metallic film to a predetermined 
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temperature or higher by irradiating a converged optical beam to a 
predetermined position of the metallic film from the upper side of the 
metallic film, thereby forming a mixed layer consisting of the metallic 
film and the substrate at the interface between the substrate and the 
5 metallic film whose temperature has been elevated, selectively removing 
the metallic film alone, and etching a region of the substrate having no 
mixed film formed thereon for a predetermined amount in such a 
manner that the mixed film and the underlying substrate are left over. 

Further, the invention provides a method for forming 

10 micropatterns, comprising forming a metallic film on the surface of a 
substrate, forming a transparent film on the metallic film, elevating the 
temperature of the metallic film to a predetermined temperature or 
higher by irradiating a converged optical beam to a predetermined 
position of the metallic film from the upper side of the transparent film, 

15 thereby forming a mixed film consisting of the metallic film and the 
substrate at the interface between the substrate and the metallic film 
whose temperature has been elevated, selectively removing the metallic 
film and the transparent film, and etching a region of the substrate 
having no mixed film formed thereon for a predetermined amount in 

20 such a manner that the mixed film and the underlying substrate are left 
over. 

Further, after etching the region of the substrate having no 
mixed film formed thereon for the predetermined amount, selectively 
removing the remaining mixed film by sputter etching. In this manner, 
25 the roughness of the substrate surface can be improved. 
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In the invention, the mixed film is preferably formed in a region 
smaller than the optical beam spot diameter of the irradiated converged 
optical beam. Particularly, in case of forming the transparent film, the 
transparent film is preferably provided in an antireflection structure 
5 with respect to the irradiated converged optical beam. An antireflection 
structure is a structure capable of efficiently absorbing the irradiated 
converged optical beam. In order to provide a transparent film 
exhibiting an antireflection effect, the film thickness of the transparent 
film should be selected in relation with the wavelength of the optical 
10 beam. 

Any material that is transparent may be used as the material for 
the transparent film, and there can be used, for instance, a transparent 
resin, a transparent dielectric film, and the like; for instance, there can 
be used A1N. As the substrate, there can be used materials such as 

15 glass, Si, or S1O2, but other materials such as plastics and compound 
semiconductors may be used as well. The material for use as the 
metallic film may be a metal such as Al, Co, or Pd, but also usable are 
other metals with lower melting points. 

Furthermore, by further performing Ni electrocasting on the 

20 optical disk master above, an optical disk stamper can be produced by 
a so-called transfer process. Further, an optical disk can be produced 
by using the optical disk stamper above and by carrying out injection 
molding of a resin and the formation of a recording medium and the 
like. 

25 In order to efficiently form a mixed film in a region smaller than 
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the optical beam spot diameter by irradiating an optical beam, it is 
preferred to use, in addition to the transparent film having the 
antireflection structure, a metallic film having the antireflection 
structure. 

5 In order to use a transparent film and the like having an 

antireflection structure, that is, in order to achieve an antireflection 
effect, the film thickness of the transparent film and the like must be 
set properly in relation with the wavelength of the optical beam. For 
instance, the film thickness w of the transparent film is set to w = 

10 (mX)/(4n), where m is an odd number, X represents the wavelength of 
the laser radiation, and n represents the refractive index of the 
transparent film. 

The predetermined temperature for forming the mixed film 
(which is referred to hereinafter as "mixing film forming temperature") 

15 signifies a temperature at which a solid solution, an eutectic compound, 
or a intermetallic compound is formed through the reaction of the 
metallic film and the substrate, and at which an alloy of both materials 
is formed at the interface between the metallic film and the substrate. 

For instance, in case Si is used as the substrate material and Al 

20 is used as the metallic film, the mixing film forming temperature is ca. 
500 °C or higher, and a mixed film comprising Al mixed into Si is 
formed at the boundary region brought to a temperature of about 500 
°C or higher. 

The present invention is described in detail based on the 
25 embodiment with reference to the attached drawings. It should be 
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understood, however, that the invention is not limited thereby. 

A conventional laser cutting apparatus as shown in Fig. 1 is also 
usable as the laser cutting apparatus for use in the production of an 
optical disk master according to the invention. Conventionally used 
was a glass substrate 7 having directly formed thereon a positive-type 
photoresist 6 as shown in Fig. 1. In the invention, however, used is a 
glass substrate having formed thereon a metallic film. 

In order to realize an optical disk master having a narrower 
track pitch according to the invention, an optical disk master having 
micropatterns is produced by a method as follows. 

The example below refers to an optical disk of a land recording 
method or a groove recording method, in which the micropatterns 
formed on the surface of the substrate comprise a pair of an indented 
portion and a protruded portion to constitute a single track, and in 
which the information is recorded in either of the indented portion or 
the protruded portion. According to this method, the length 
corresponding to the sum of the width of a pair of indented portion and 
protruded portion is the track pitch TP. 

In Fig. 23 is given a schematically drawn explanatory diagram 
for laser cutting according to the production method for an optical disk 
master of the invention. 

As the optical disk master, there is used a substrate 7 made of 
glass (quartz), silicon, and the like, having formed thereon in this order, 
a metallic film 22 (made of, e.g., aluminum) and a transparent film 23 
(e.g., of aluminum nitride: A1N). Firstly, an optical beam having a 
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predetermined beam spot diameter BS is irradiated from the upper side 
of the transparent film 23 provided to the master, to thereby form a 
mixed film 24. Thus, as shown in Fig. 23, the mixed film 24 is formed 
only at a limited region in the interface between the metallic film 22 and 
5 the substrate 7, in which the temperature of the metallic film 22 is 
elevated to a mixed film forming temperature or higher. 

In case the mixed film is formed from the aluminum metallic film 
22 and the silicon substrate 7, the mixed film forming temperature is, 
for instance, about 500 °C. Furthermore, the film thickness of the 

10 transparent film 23 is preferably set as such that it exhibits an 
antireflective effect, such that the laser radiation 2 used for exposure 
would be incident to the metallic film 22. For instance, the film 
thickness w of a preferred transparent film 23 can be expressed by w = 
(mA,)/(4n), where X represents the wavelength of the laser radiation 2, n 

15 represents the refractive index of the transparent film 23, and m is an 
odd number. 

By thus providing a transparent film 23 with an antireflection 
structure formed on the metallic film 22, the optical beam 2 is absorbed 
by the metallic film 22 and the transparent film 23. 
2 0 In case the optical beam 2 is absorbed by the metallic film 22, a 

Gaussian temperature distribution corresponding to the intensity 
distribution of the optical beam 2 results effectively in the metallic film 
22. 

In Fig. 24 is shown an example of a temperature distribution 
2 5 with respect to the spot diameter of the optical beam irradiated to the 
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metallic film 22. 

In the temperature distribution shown in Fig. 24, the optical 
beam spot diameter is set to 300 nm. In this case, the temperature 
distribution yields a peak of 700 °C at the boundary of the metallic film 
5 22, the width of the mixed film 24 is about 100 nm, and the mixed film 
24 is formed at a temperature of 500 °C or higher. 

According to the distribution above, it can be understood that 
the mixed film 24 comprising the materials of the metallic film 22 and 
the substrate 7 is formed within a region smaller in width than the 
10 beam spot diameter BS of the optical beam 2, which is elevated in 
temperature to a level (500 °C) necessary for the formation of a mixed 
film or higher. Furthermore, the formation of a mixed film having a 
width smaller than the beam spot diameter BS was confirmed by 
detecting fluorescent X ray emitted from the converged electron beam as 
15 observed under scanning electron microscope. 

In Fig. 23, the mixed film 24 is shown between the metallic film 
22 and the substrate 7 by a rectangle having a constant width in the 
vertical direction as observed on the paper sheet plane. In practice, the 
mixed film 24 is formed as a thin film at the interface between the 
20 metallic film 22 and the substrate 7. 

In Fig. 25 is shown a cross section shape in case exposure is 
performed to the neighboring track with a track pitch TP almost 
equivalent to that of the optical beam spot diameter BS. Since the 
region of the metallic film 22 with its temperature elevated to the mixed 
2 5 Film forming temperature or higher is smaller than the optical beam 



36 



spot diameter BS in this case, the mixed film 24 is formed separated in 
the direction of the track. 

Figure 26 shows a cross section shape in case the laser cutting 
above is performed continuously to implement a spiral-like laser cutting. 
In the interface between the metallic film 22 and the substrate 7, the 
mixed films 24 are aligned separated from each other at a track pitch 
TP. The continuous cutting is carried out by gradually moving the 
down edge mirror 3-3 and the objective lens 5 shown in Fig. 1 . 

Since mixed films 24 (about 150 nm in width each) having a 
width smaller than the track pitch TP (e.g., 300 nm) are formed 
separated from each other at a track pitch TP, the guide groove 11 
corresponding to the indentations between the mixed films can be 
formed at a width narrower than the track pitch. 

After performing laser cutting as described above, the 
transparent film 23 and the metallic film 22 are removed by wet etching 
or dry etching to leave the mixed film 24 alone on the substrate 7. 

In Fig. 27 is shown the cross section of a state in which the 
transparent film 23 and the metallic film 22 are removed by etching and 
the mixed film 24 alone is left over. Wet etching can be carried out by, 
for instance, using an aqueous acid solution or an aqueous alkaline 
solution. Dry etching can be performed by using gaseous CF4 or 
gaseous CCU. 

Subsequently, the exposed portion of the substrate 7 having no 
mixed film 24 formed thereon is etched by using the mixed film 24 as a 
mask. The etching can be performed by using wet etching or dry 
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etching. 

Figure 28 shows a cross section shape obtained after etching the 
substrate 7. Referring to Fig. 28, a protruded portion 150 nm in width 
of the mixed film 24 and the guide groove 1 1 provided as the indented 
5 portion 150 nm in width both possess rectangular shapes, and are 
formed at a track pitch TP of about 300 nm. 

It is possible to use the optical disk master directly in the state 
shown in Fig. 28, however, from the viewpoint of improving the surface 
roughness, it is preferred to apply etching to the surface of the mixed 
10 film 24 and the substrate 7. 

More specifically, by etching the substrate 7 and the mixed film 
24 for a predetermined amount by means of sputter etching as shown 
in Fig. 29, an optical disk master having improved surface roughness 
can be completed. 

15 The optical disk master thus completed comprises rectangular 

protruded portions as the guide track, and since the pitch thereof is 
formed at a narrow track pitch TP nearly equal to the optical beam spot 
BS, an optical disk suitable for high density recording and having 
improved stability in tracking performance can be implemented by 

20 using the optical disk master thus obtained. 

The process for producing an optical disk from the optical disk 
masters finished by the production processes above is described below. 

In the following, the cross section states of the disk are shown. 
More specifically, Fig. 30 shows the process step for forming an 

25 electrode film, Fig. 31 shows a step for forming an Ni electrocasting, Fig. 



32 shows a step for forming a stamper by stripping off, Fig. 33 shows a 
step for molding a resin optical disk substrate, Fig. 34 shows a step for 
finishing the optical disk substrate, and Fig. 35 shows a step for 
forming a recording medium. 
5 Firstly, as shown in Fig. 30, an electrode film 25 to provide an 

electrode for electrocasting is formed on the surface of the optical disk 
master by means of sputtering and the like. As the electrode film 
material, preferred is to use a metal such as Ni, Ta, stainless steel, and 
the like. Further, to facilitate the stripping off of the stamper from the 

10 electrode film 25 in the later step of stripping off the stamper, the 
surface of the electrode film is subjected to oxidation treatment by 
means of ashing and the like. 

Then, as shown in Fig. 31, an Ni electrocasting film 26 is formed 
by carrying out electrocasting of Ni using the electrode film 25 as the 

15 electrode. 

Subsequently, as shown in Fig. 32, after stripping off the Ni 
electrocasting film from the electrode film 25, the back plane (the side 
having the indentations and protrusions as shown in Fig. 32) of the Ni 
electrocasting film 26 is subjected to polish treatment. The Ni 
2 0 electrocasting film 26 thus subjected to polish treatment provides a 
stamper 27. 

As shown in Fig. 33, the stamper 27 is attached to an injection 
molding machine, and by injection molding a resin such as 
polycarbonate, a resin optical disk substrate 28 can be obtained as 
25 shown in Fig. 34. 
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Finally, as shown in Fig. 35, a recording medium 29 is formed 
on the plane of the optical disk substrate 28 having formed thereon the 
guide track (i.e., the surface of the substrate having the indentations 
and protrusions) to obtain a finished optical disk. 

The recording medium 29 referred herein is a so-called 
structured layer consisting of plural layers for recording data; for 
instance, it may comprise a transparent dielectric layer, a recording 
layer, a transparent dielectric layer, and a reflection layer laminated in 
this order. 

Thus, the optical disk produced in this manner comprises a 
rectangular guide track (the protruded portion formed on the surface of 
the disk shown in Fig. 35) formed at a track pitch TP (e.g., 300 nm) 
nearly equal to the optical beam spot diameter BS used for the laser 
cutting. Since a rectangular guide track is formed, an optical disk 
suitable for high density recording and having a narrower track pitch 
and improved stability in tracking performance can be implemented 
with high precision by using the optical disk master produced in this 
manner. 

Examples of the optical disk masters and the methods for 
producing optical disk masters and the like according to the invention 
are described below. 

(Example 2-1) 

On a Si substrate 7, Al film was formed at a film thickness of 40 
nm as a metallic film 22, and A1N was formed thereon at a film 
thickness of 44 nm to provide a transparent film 23. These films can 
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be formed by reactive sputtering process. 

Subsequently, laser cutting was performed. More specifically, a 
laser radiation 2 emitted at a wavelength of 351 nm from a Kr laser light 
source 1 was converged and irradiated to the surface of the transparent 
film 23 by using an objective lens 5 having a numerical aperture NA of 
0.95. The optical beam spot diameter BS of the converged laser 
radiation 2 was found to be approximately 300 nm, and the track pitch 
TP was set to 300 nm to perform the laser cutting at a laser power 
intensity of 20 mW. The metallic film 22 having the film thickness 
above and the transparent film 23 provide an antireflective structure 
with respect to a laser radiation 351 nm in wavelength. Thus was 
obtained a mixed film 24 having a structure as shown in Fig. 26 in this 
process step. 

Then, by wet etching using a sodium hydroxide solution, the A1N 
transparent film 23 and the Al metallic film 22 were removed. In this 
manner, a mixed film 24 made of Al and Si were left over as shown in 
Fig. 27. Further, on observing the thus formed mixed film 24 with 
fluorescent X ray of the electron microscope, the pattern width of the 
remaining mixed film 24 was found to be 120 nm. More specifically, a 
mixed film 24 having the track pitch TP (300 nm) equal to that of the 
optical beam spot diameter BS and a narrower pattern width than the 
optical beam spot diameter BS was formed. 

Subsequently, by using the mixed film 24 as a mask, dry etching 
of Si substrate 7 was performed. Thus, the Si substrate 7 was placed 
inside a dry etching apparatus, a mixed gas of CF4 etching gas (at a flow 
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rate of 50 seem) and 0 2 (at a flow rate of 30 seem) was introduced 
inside the apparatus, and the gas pressure on dry etching was set to 30 
mTorr, at which radio frequency power of 400 W was applied. 

Since the mixed film pattern 24 comprised a mixture of Si and Al, 
5 etching of the mixed film hardly proceeded but the Si substrate 7 alone 
was etched under the dry etching conditions above (see Fig. 28). For 
instance, in case dry etching is performed for a duration of 1 minute, 
the region of the Si substrate 7 having no mixed film 24 formed thereon 
was etched for a depth of about 400 nm to obtain a rectangular 
10 indented portion. The width of the indented portion, i.e., the width in 
the lateral direction as observed on the paper sheet plane of the guide 
groove 11, was found to be about 150 nm. That is, a guide groove 11 
having a width smaller than the optical beam spot diameter was 
obtained. 

15 In the conventional production method described above, the 

track pitch TP had to be set about twice the beam spot diameter BS to 
obtain rectangular indentation and protrusion patterns. However, 
according to the invention, rectangular indentation and protrusion 
patterns can be implemented even in case the track pitch TP is 

20 approximately equal to the beam spot diameter BS. 

Subsequently, gaseous Ar was introduced into the etching 
apparatus above at a flow rate of 70 seem, the gas pressure was set to 
10 mTorr, and a high frequency power of 500 W was applied to remove 
the mixed film 24 by sputter etching. 

25 In this manner, the surface roughness was improved, and the 
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optical disk master as shown in Fig. 29 was completed. 

Then, as shown in Fig. 30, a Ni electrode film 25 was formed on 
the optical disk master above by sputtering. Then, after oxidizing the 
surface of the Ni electrode film 25 by using oxygen plasma, an Ni 
electrocasting film 26 was formed by electrocasting (see Fig. 31). The 
Ni electrocasting film 26 was stripped off from the optical disk master, 
and the back plane of the Ni electrocasting film 26 was subjected to 
polish treatment to obtain a stamper 27 (Fig. 32). 

Then, polycarbonate was injection molded to the indented and 
protruded plane of the stamper 27, and by stripping off from the 
stamper 27, a resin optical disk substrate 28 was obtained (see Figs. 33 
and 34). 

Furthermore, after forming a recording medium 29 comprising a 
transparent dielectric layer, a recording layer, a transparent dielectric 
layer, and a reflection layer laminated in this order on the optical disk 
substrate 28, a protective coating layer made of an ultraviolet curable 
resin was formed as the upper layer thereof. The recording layer above 
is made from a material capable of recording information with a 
convergent irradiated laser radiation by using an optical pick up of an 
optical disk drive, and usable are an magnetooptical recording material 
or a phase transformation material. 

Thus was obtained an optical disk as shown in Fig. 35. 

In Example 2-1, the optical disk obtained by removing the mixed 
film 24 by sputter etching was used as the master, but the optical disk 
master with the mixed film 24 still remaining thereon can be used as 
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the optical disk master. 

However, in order to reduce the noise of the optical disk, it is 
preferred to perform sputter etching as described above. On 
measuring the surface roughness at each state by using an atomic force 
5 microscope, the surface roughness of the etching plane of the Si 
substrate 7 in case of not performing sputter etching was found to be 
0.29 nm, and in contrast to the surface roughness of 0.88 nm for the 
mixed film 24, the etched plane of the Si substrate 7 was found to be 
reduced to 0.23 nm by performing sputter etching; the surface 
10 roughness of the Si substrate 7 obtained after removing the mixed film 
24 was found to be 0.27 nm. That is, the surface roughness of the 
optical disk master can be reduced by performing sputter etching, and 
thereby an optical disk with reduced noise can be realized. 
(Example 2-2) 

15 An Si substrate was used as the substrate 7 in the process for 

producing the optical disk master of Example 2-1, but it is possible to 
use a substrate other than Si substrate. 

Accordingly, a case of using a quartz substrate as the substrate 
7 is described in the example below. 

20 Firstly, in a manner similar to that described in Example 2-1, an 

Al metallic film 22 and an A1N transparent film 23 were formed, and a 
mixed film 24 of Al and SiCh was formed by laser cutting. Thereafter, 
the A1N transparent film 23 and the Al metallic film 22 were 
sequentially removed, and dry etching was performed by using the 

2 5 mixed film 24 of Al and Si0 2 as a mask. Dry etching was carried out by 
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introducing CF 4 etching gas (at a flow rate of 100 seem) at a gas 
pressure of 30 mTorr, and by applying a high frequency power of 400 
W. 

Under the etching conditions above, etching of the mixed film 
5 hardly proceeded but the Si02 substrate 7 alone was etched, because 
the mixed film 24 comprised Al mixed in Si0 2 . Finally, an optical disk 
master having indentations and protrusions similar to those obtained in 
Example 2-1 was implemented by performing sputter etching. 
(Example 2-3) 

10 In the method for producing the optical disk master described in 

Example 2-1, Al was used as the metallic film 22, but a metal other 
than Al, for instance, Co, can be used as well. 

In case of using Co as the metallic film 22 shown in Fig. 23, a 
mixed film 24 made of Co and Si02 is formed. 

!5 The A1N transparent film 23 was removed by wet etching using a 

sodium hydroxide solution, and after removing the sodium hydroxide 
solution by rinsing with pure water, the Co metallic film 22 was 
removed by using an aqueous (3HC1/H 2 0) solution. In this manner, a 
mixed film 24 of Co and Si0 2 was left over as shown in Fig. 27. 

20 Then, the quartz substrate 7 was placed inside a dry etching 

apparatus, and by using the mixed film 24 as a mask, dry etching of the 
quartz substrate 7 was carried out by introducing CF 4 etching gas at a 
flow rate of 100 seem at a gas pressure of 30 mTorr, and by applying a 
high frequency power of 400 W. 

25 Under the etching conditions above, etching of the mixed film 
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hardly proceeded but the quartz substrate 7 alone was etched, because 
the mixed film 24 comprised Co mixed in Si0 2 . Then, an optical disk 
master can be completed by performing sputter etching in a manner 
similar to that described in Example 2-1. As the metallic film 22, there 
5 can be used a 3d transition metal of Fe or Ni similar to Co. 
(Example 2-4) 

In the present example, description is made on a case using Pd 
as the metallic film 22. In this case, a mixed film 24 of Pd and Si0 2 is 
formed by irradiating an optical beam from the upper side of the 

10 transparent film 23 as shown in Fig. 23. 

The A1N transparent film 23 was removed by wet etching using a 
sodium hydroxide solution, and after removing the sodium hydroxide 
solution by rinsing with pure water, the Pd metallic film 22 was 
removed by using an aqueous (KI/I 2 ) solution. In this manner, a mixed 

15 film 24 of Pd and Si0 2 was left over as shown in Fig. 27. 

Then, the quartz substrate 7 was placed inside a dry etching 
apparatus, and by using the mixed film 24 as a mask, dry etching of the 
quartz substrate 7 was carried out by introducing CF4 etching gas at a 
flow rate of 100 seem at a gas pressure of 30 mTorr, and by applying a 

2 0 high frequency power of 400 W. Under the etching conditions above, 
etching of the mixed film hardly proceeded but the quartz substrate 7 
alone was etched, because the mixed film 24 comprised Pd mixed in 
Si0 2 . Then, an optical disk master can be completed by performing 
sputter etching in a manner similar to that described in Example 2-1. 

25 (Example 2-5) 
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The optical disk master shown in Fig. 29 produced in 
accordance with the invention differs from a conventional optical disk 
master in that the indentations and protrusions are reversed. 
Accordingly, the indentation and protrusion shapes also result reversed 
5 in the optical disk finally obtained as shown in Fig. 35. Thus, in 
Example 2-5, description is made on correcting the reversed indentation 
and protrusion. 

In the present case, a stamper 27 formed after the stripping off 
step shown in Fig. 32 is used. 

10 Firstly, the surface of the stamper 27 having the guide track 

thereon is oxidized by oxygen plasma. Thereafter, an Ni electrocasting 
film 26' is formed on the surface of the formed guide track by using the 
stamper 27 as the electrode. The plane of the Ni electrocasting film 26' 
having the indentations and protrusions formed thereon comprises 

15 reversed indentations and protrusions of the Ni electrocasting film 26 
formed in Fig. 32. 

Then, by performing polishing on the back plane after stripping 
off the stamper 27 from the Ni electrocasting film 26', a work stamper 
27' is formed with reversed indentations and protrusions with respect to 

20 the stamper 27. 

By forming an optical disk substrate using the work stamper 27', 
an optical disk substrate having indentation and protrusion structure 
similar to that of a conventional type and yet having prepits and guide 
grooves (= 150 nm) smaller than the optical beam spot diameter (= 

2 5 about 300 nm) can be obtained. 
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The invention refers to a land recording method or a groove 
recording method in which the information is recorded in either of the 
indented portion and the protruded portion of the micropattern, and 
description has been made specifically on the production of a substrate 
5 having a micropattern smaller than the optical beam spot diameter. 
However, a substrate having micropatterns with narrow width can also 
be formed in a land-groove recording method, in which information is 
recorded on both of the indented portion and the protruded portion. 

According to the invention, by irradiating a converged optical 

10 beam to a substrate having a metallic film formed thereon, a mixed film 
having a diameter smaller than the optical beam spot diameter is 
formed at the interface between the metallic film and the substrate. In 
this manner, a substrate having a micropattern comprising prepits and 
guide grooves smaller than the optical beam diameter can be produced. 

15 Further, by using the substrate having the micropattern, an 

optical disk master, a stamper for optical disks, and optical disks with a 
narrower track pitch can be produced. 
<Example 3: Mask layer and metallic film, mixed layer> 

The invention provides a method for forming micropatterns, 

2 0 comprising forming a mask layer on a substrate, forming a metallic film 
on the surface of the mask layer, elevating the temperature of the 
metallic film to a predetermined temperature or higher by irradiating a 
converged optical beam to a predetermined position of the metallic film 
from the upper side of the metallic film, forming a mixed layer 

25 consisting of the metallic film and the mask layer at the interface 
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between the metallic film and the mask layer whose temperature has 
been elevated, selectively removing the metallic film, and selectively 
etching a region of the mask layer having no mixed layer formed 
thereon in such a manner that the mixed layer is left over. 

On etching the mask layer, or after etching the mask layer, the 
substrate may be selectively etched. 

Furthermore, after forming the metallic layer, a transparent film 
may be formed on the metallic film before irradiating a converged 
optical beam. 

The mixed layer is preferably formed in a region smaller than the 
spot diameter of the convergent irradiated optical beam, and 
particularly, the metallic film and the transparent Film preferably 
provide an antireflection structure with respect to the convergent 
irradiated optical beam. A substrate having micropatterns formed in 
this manner can be used as an optical disk master and the like. 

Furthermore, the mixed layer thus left over may be removed by 
sputter etching, and in such a case, a substrate having a smoother 
surface can be formed. 

Then, by using the optical disk master having the micropatterns 
as above, an optical disk stamper can be produced by performing 
so-called transfer process. 

Further, an optical disk can be produced by using the optical 
disk stamper above and by carrying out injection molding of a resin and 
the formation of a recording medium and the like. 

Furthermore, an optical disk work stamper having reversed 
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surface indentations and protrusions can be produced by forming an 
electrocasting film using the optical disk stamper as an electrode and 
by then stripping off the electrocasting film from the optical disk 
stamper, and an optical disk can be produced by using the resulting 
work stamper for optical disks. 

As the mask layer above, there can be used Si, SiN, or Si0 2 , and 
Al, Co, Fe, Ni, Pd, or Ti can be used for the metallic film, but the 
invention is not limited thereto. As the substrate, there may be used 
those made of glass, silicon, plastics, and the like. Furthermore, A1N 
can be used for the transparent film. 

A conventional laser cutting apparatus as shown in Fig. 1 is also 
usable as the laser cutting apparatus for use in the production of an 
optical disk master according to the invention. 

Conventionally used was a glass substrate having directly 
formed thereon a positive-type photoresist 6. In the invention, however, 
used is a glass substrate 7 having a mask layer 32, a metallic film 33, 
and a transparent film 34, formed in this order. 

According to the invention, an optical disk master having 
micropatterns is produced by a method as follows. 

The example below refers to an optical disk of a land recording 
method or a groove recording method, in which the micropatterns 
formed on the surface of the substrate comprise a pair of an indented 
portion and a protruded portion to constitute a single track, and in 
which the information is recorded in either of the indented portion or 
the protruded portion. According to this method, the length 



corresponding to the sum of the width of a pair of indented portion and 
protruded portion is the track pitch TP. 

In Fig. 36 is given a schematically drawn explanatory diagram 
for laser cutting according to the production method for an optical disk 
master of the invention. 

As the optical disk master, there is used a substrate 7 made of 
glass (quartz) or silicon and the like, having formed thereon a mask 
layer 32 made of, e.g., Si0 2 , at a thickness of about 40 nm by means of 
sputtering. 

Subsequently, a metallic film 33 made of, for instance, Al, is 
formed on the mask layer 32 by means of sputtering at a thickness of 
about 400 nm. Further on the metallic film 33, a transparent film 34 
made of, for example, A1N, is formed at a thickness of about 44 nm. 

The transparent film 34 is preferably formed on the metallic film 
33 in order to prevent the reflection or to control the laser power 
sensitivity of the irradiated laser radiation; however, it is not essential, 
and a mixed layer 35 described below may be formed without forming 
the transparent film. 

The film thickness of the transparent film 34 must be set in 
such a manner that it exhibits an antireflective effect with respect to the 
laser radiation 2 used for the exposure. For instance, a preferred film 
thickness w of the transparent film 34 is set to w = (mA,)/(4n), where m 
is an odd number, X represents the wavelength of the laser radiation 2, 
and n represents the refractive index of the transparent film. There 
can be used A1N for the transparent film 34. 
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By thus providing a transparent film 34 having an antireflection 
structure formed on the metallic film 33, the optical beam 2 is absorbed 
by the mask layer 32, the metallic film 33, and the transparent film 34. 
In case the optical beam is absorbed by the metallic film 33, a Gaussian 
temperature distribution corresponding to the intensity distribution of 
the optical beam 2 results in the metallic film 33. In Fig. 37 is shown 
an example of a temperature distribution with respect to the spot 
diameter of the optical beam irradiated to the metallic film 33. 

By irradiating an optical beam 2 to the metallic film 33, a mixed 
layer 35 comprising mixed therein the metallic film 33 and the mask 
layer 32 is formed at the interface between the mask layer 32 and the 
metallic film 33 elevated in temperature to a predetermined value or 
higher. The formation of the mixed layer 35 can be confirmed by 
means of electron microscope. 

The temperature distribution shown in Fig. 37 shows a 
temperature distribution in case the optical beam spot diameter BS is 
set to 300 nm. In this case, the temperature distribution yields a peak 
of about 1000 °C in the metallic film 33, and the width of the region 
having its temperature elevated to 700 °C or higher, i.e., the width of 
the mixed layer 35, is smaller than the optical beam spot diameter, and 
is about 120 nm. 

In this case, the critical temperature for forming the mixed layer 
35 (which is 700 °C in Fig. 37) is referred to hereinafter as the mixed 
layer forming temperature or the alloydizing temperature. 

By using the mixed layer 35 thus formed as the mask, the 
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portions of the mask layer 32 and the metallic film 33 other than the 
mixed layer 35 are removed by etching in the later process step. 

In Fig. 38 is shown a cross section shape in case exposure is 
performed to the neighboring track having a width of track pitch TP (= 
300 nm) almost equivalent to that of the optical beam spot diameter BS. 
Since the width of the region (= 150 nm) having its temperature elevated 
to the mixed layer forming temperature or higher is smaller than the 
optical beam spot diameter BS (= 300 nm) in this case, the mixed layer 
35 is formed separated in the direction of the track. 

Figure 39 shows a cross section shape in case the laser cutting 
above is performed continuously to implement a spiral-like laser cutting. 
Referring to Fig. 39, the mixed layers 35 are aligned separated from 
each other at a track pitch TP in the interface between the metallic film 
33 and the mask layer 32. The continuous cutting is carried out by 
gradually moving the down edge mirror 3-3 and the objective lens 5 
shown in Fig. 1 . 

In Fig. 40 is shown the cross section of a state in which the 
transparent film 34 and the metallic film 33 are removed by etching 
after applying the laser cutting above. 

Etching can be carried out by wet etching or dry etching, and is 
performed by using a wet etching solution or a dry etching gas capable 
of etching the transparent film 34 and the metallic film 33, while leaving 
over the mixed layer 35 and the mask layer 32. The solution for use in 
wet etching or the dry etching gas used herein depends on the material 
used in the metallic film 33 and the like. 
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Then, by using the mixed layer 35 as a mask, the mask layer 32 
having no mixed layer 35 thereon is etched. 

In Fig. 41 is shown the cross section shape obtained after 
removing the region of the mask layer 32 having no mixed layer 35 
thereon. 

In order to remove the mask layer 32 while leaving over the 
mixed layer 35, there can be used wet etching or dry etching. The wet 
etching solution or the dry etching gas used herein depends on the 
material used in the mask layer 32. 

Referring to Fig. 41, a substrate 7 with a structure having 
thereon the mixed layers 35 arranged at a track pitch TP of about 300 
nm is formed. The substrate with the structure as shown in Fig. 41 
can be used as an optical disk master. 

Subsequently, with the state shown in Fig. 41, the substrate 7 is 
etched to a depth of about 40 nm by using the mixed layer 35 as a 
mask. The etching can be performed by wet etching or dry etching. 

The substrate in the state as shown in Fig. 42 can also be used 
as an optical disk master. 

Furthermore, by etching the mask layer 32 and the mixed layer 
35 by means of dry etching, a substrate 7 having indentations and 
protrusions on the surface as shown in Fig. 43 is formed. 

In the state shown in Fig. 41, the substrate 7 and the mixed 
layer 35 may be subjected to sputter etching instead of dry etching. 

In Fig. 50 is shown a cross section structure of the substrate 7 
after sputter etching the surface of the substrate 7 and the mixed layer 



35 as shown in Fig. 41. By performing sputter etching, the surface 
roughness of the substrate 7 can be reduced. 

The substrate shown in Fig. 50 can also be used as an optical 
disk master. 

The process for producing an optical disk from the optical disk 
master completed by the production process above is described below. 
More specifically, a process for producing an optical disk by using the 
optical disk master shown in Fig. 43 is described below. 

In the following, the cross section states of the disk are shown. 
More specifically, Fig. 44 shows the process step for forming an 
electrode film, Fig. 45 shows a step for forming an Ni electrocasting, Fig. 
46 shows a step for forming a stamper by stripping off, Fig. 47 shows a 
step for molding a resin optical disk substrate, Fig. 48 shows a step for 
finishing the optical disk substrate, and Fig. 49 shows a step for 
forming a recording medium. 

Firstly, as shown in Fig. 44, an electrode film 36 to provide an 
electrode for electrocasting is formed on the surface of the optical disk 
master by means of sputtering and the like. As the electrode film 
material, preferred is to use a metal such as Ni, Ta, stainless steel, and 
the like. Further, to facilitate the stripping off of the stamper from the 
electrode film 36 in the later step of stripping off the stamper, the 
surface of the electrode film is subjected to oxidation treatment by 
means of ashing and the like. 

Then, as shown in Fig. 45, an Ni electrocasting film 37 is formed 
by carrying out electrocasting of Ni using the electrode film 36 as the 
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electrode. 

Subsequently, as shown in Fig. 46, after stripping off the Ni 
electrocasting film 37 from the electrode film 36, the back plane (the 
side which is not the indentations and protrusions as shown in Fig. 44) 
5 of the Ni electrocasting film 37 is subjected to polish treatment. The Ni 
electrocasting film 37 subjected to polish treatment provides a stamper 
38. 

As shown in Fig. 47, the stamper 38 is attached thereafter to an 
injection molding machine, and by injection molding a resin such as 
10 polycarbonate, a resin optical disk substrate 39 can be obtained as 
shown in Fig. 48. 

Finally, as shown in Fig. 49, a recording medium 40 is formed 
on the plane of the optical disk substrate 39 having formed thereon the 
guide track (i.e., the surface of the substrate having the indentations 
15 and protrusions) to obtain a finished optical disk. 

The recording medium 40 referred herein is a so-called 
structured layer consisting of plural layers for recording data; for 
instance, it may comprise a transparent dielectric layer, a recording 
layer, a transparent dielectric layer, and a reflection layer laminated in 
2 0 this order. 

Thus, the optical disk produced in this manner comprises a 
rectangular guide track (the protruded portion formed on the surface of 
the disk shown in Fig. 49) formed at a track pitch TP (e.g., 300 nm) 
nearly equal to the optical beam spot diameter BS used for laser cutting. 
25 Since a rectangular guide track is formed, an optical disk with a 
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narrower track pitch suitable for high density recording and having 
improved stability in tracking performance can be implemented with 
high precision by using the optical disk master produced in this 
manner. 

Examples of the optical disk masters and the methods for 
producing optical disk masters and the like according to the invention 
are described below. 

(Example 3-1) 

On a glass substrate 7, Si film was formed at a film thickness of 
40 nm as a mask layer 32, and after forming an Al film at a film 
thickness of 40 nm as a metallic film 33, an A1N film was formed 
thereon at a film thickness of 44 nm to provide a transparent film 34. 

Subsequently, laser cutting was performed. More specifically, a 
laser radiation 2 emitted at a wavelength of 351 nm from a Kr laser light 
source 1 was converged and irradiated to the surface of the transparent 
film 34 by using an objective lens 5 having a numerical aperture NA of 
0.95. The optical beam spot diameter BS of the converged laser 
radiation 2 was found to be approximately 300 nm. 

Then, laser cutting was performed at a track pitch TP of 300 nm 
and at a laser power intensity of 20 mW. In this case, the metallic film 
33 and the transparent film 34 provide an antireflection structure with 
respect to a laser radiation 351 nm in wavelength. Thus was obtained 
a mixed layer 35 as shown in Fig. 39. 

Then, by wet etching using a sodium hydroxide solution, the A1N 
transparent film 34 and the Al metallic film 33 were removed. In this 
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manner, a mixed layer 35 made of Al and Si were left over as shown in 
Fig. 40. Further, on observing the thus formed mixed layer 35 under 
an electron microscope, the pattern width of the remaining mixed layer 
35 was found to be about 120 nm. Moreover, an interval TP between 
the mixed layer 35 is about 300 nm. More specifically, a mixed layer 
35 having a track pitch TP equal to that of the optical beam spot 
diameter BS and a narrower pattern width than the optical beam spot 
diameter BS was formed. 

In the conventional production method described above, the 
track pitch TP had to be set about twice the beam spot diameter BS to 
obtain rectangular indentation and protrusion patterns. However, 
according to the invention, rectangular indentation and protrusion 
patterns can be implemented even in case the track pitch TP is 
approximately equal to the beam spot diameter BS. 

Subsequently, by using the mixed layer 35 as a mask, dry 
etching of glass substrate 7 was performed. Thus, the glass substrate 
7 was placed inside a dry etching apparatus, Cb etching gas (at a flow 
rate of 150 seem) was introduced inside the apparatus, and the gas 
pressure on dry etching was set to 50 mTorr, at which radio frequency 
power of 400 W was applied, to perform dry etching of Si mask layer 32. 
Since the mixed layer pattern 35 comprised Si alloydized with Al, 
etching of the mixed layer hardly proceeded but the Si mask layer 32 
alone was etched. A substrate as shown in Fig. 41 was obtained as a 
result. 

Then, dry etching of Si substrate 7 was performed by 
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introducing CF 4 etching gas at a flow rate of 20 seem inside the 
apparatus, and the gas pressure on dry etching was set to 10 mTorr, at 
which radio frequency power of 500 W was applied. Since the mixed 
layer pattern 35 comprised Si alloydized with Al, etching of the mixed 
5 layer hardly proceeded but the Si substrate 7 alone was etched. Thus, 
a glass substrate 7 etched to a depth of about 40 nm as shown in Fig. 
42 was formed as a result. 

Thereafter, the mixed layer pattern 35 was removed by sputter 
etching, in which gaseous Ar was introduced at a flow rate of 70 seem 

10 inside the apparatus, and while setting the gas pressure was set to 10 
mTorr, radio frequency power of 500 W was applied. 

Then, the Si mask layer 32 was removed by etching, in which Cb 
etching gas (at a flow rate of 150 seem) was introduced inside the 
etching apparatus, and the gas pressure on etching was set to 50 mTorr, 

15 at which radio frequency power of 400 W was applied. Thus was 
formed micropatterns on the optical disk master as shown in Fig. 43. 

Subsequently, on the optical disk master, an Ni electrocasting 
film 16 was formed by sputtering, and after oxidizing the surface of the 
Ni electrode film 36 by using oxygen plasma, an Ni electrocasting film 

20 37 was formed by electrocasting to obtain a stamper 38. Thus, a 
recording medium 40, which comprises a transparent dielectric layer, a 
recording layer, a transparent dielectric layer, and a reflection layer, 
was sequentially formed on an optical disk substrate 39 prepared by 
injection molding, and a protective coating layer made of an ultraviolet 

25 curable resin was formed thereon. The recording layer above is made 
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from a material capable of recording information with a convergent 
irradiated laser radiation by using an optical pick up of an optical disk 
drive, and usable are an magnetooptical recording material or a phase 
transformation material. Thus was obtained an optical disk as shown 
in Fig. 49. 

(Example 3-2) 

In the method for forming micropatterns on the optical disk 
master described in Example 3-1, the micropatterns are formed by 
performing etching to the substrate 7, however, the micropatterns can 
be formed by etching to the mask layer 32. 

An example of forming micropatterns by etching the mask layer 
32 is described below. 

Firstly, similar to Example 3-1, an Si mask layer 32, an Al 
metallic film 33, and an A1N transparent film 34 were formed in this 
order, and by applying laser cutting, a mixed layer 35 of Al and Si was 
formed. 

Then, after sequentially removing the A1N transparent film 34 
and the Al metallic film 33, dry etching was performed by using the 
mixed layer 35 comprising Al and Si as a mask. 

Dry etching was carried out by introducing Cb etching gas (at a 
flow rate of 150 seem), setting the gas pressure on etching to 50 mTorr, 
and by applying radio frequency power of 400 W. Since the mixed 
layer pattern 35 comprised Si with Al mixed therein, etching of the 
mixed layer hardly proceeded but the Si mask layer 32 alone was 
etched under the etching conditions as above (Fig. 41). 
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Thereafter, the mixed layer pattern 35 was removed by sputter 
etching, in which gaseous Ar was introduced (at a flow rate of 70 seem), 
and while setting the gas pressure was set to 10 mTorr, radio frequency 
power of 500 W was applied. Thus was obtained an optical disk 
master with micropatterns having indentations and protrusions similar 
to those obtained in Example 3-1 (Fig. 50). 

In Example 3-2, the optical disk master was obtained by 
removing the mixed layer pattern 35 by sputter etching as shown in Fig. 
41, however, it can be used as an optical disk master with the mixed 
layer pattern 35 still remaining thereon. 

However, in order to reduce the noise of the optical disk, it is 
preferred to perform sputter etching as described above. On 
measuring the surface roughness at each state by using an atomic force 
microscope, the surface roughness of the etching plane of the Si 
substrate 7 in case of not performing sputter etching was found to be 
0.27 nm, and in contrast to the surface roughness of 0.88 nm for the 
mixed layer pattern 35, the etched plane of the Si substrate 7 was 
found to be reduced to 0.21 nm by performing sputter etching; the 
surface roughness of the Si substrate 7 obtained after removing the 
mixed layer pattern 35 was found to be 0.28 nm. That is, the surface 
roughness of the optical disk master can be reduced by performing 
sputter etching, and thereby an optical disk with reduced noise can be 
realized. 

(Example 3-3) 

In the process for forming micropatterns described in Example 



3-1, Si was used as the mask layer 32. However, it is also possible to 
use a mask layer other than that of Si. 

Accordingly, a case of using Si0 2 as the mask layer 32 is 
described in the example below. 

Firstly, in a manner similar to that described in Example 3-1, 
Si02 film as formed at a film thickness of 40 nm on a glass substrate, 
and an Al metallic film 33 and an A1N transparent film 34 were formed 
thereon. Then, a mixed layer 35 of Al and Si02 was formed by laser 
cutting. 

Thereafter, the A1N transparent film 34 and the Al metallic film 
33 were sequentially removed, and dry etching was performed by using 
the mixed layer 35 of Al and Si0 2 as a mask. 

Dry etching was carried out by introducing CF 4 etching gas (at a 
flow rate of 20 seem) at a gas pressure of 10 mTorr, and by applying a 
high frequency power of 400 W. Under the etching conditions above, 
etching of the mixed layer pattern 35 hardly proceeded but the Si0 2 
mask layer 32 alone was etched, because the mixed layer pattern 35 is 
comprised Al mixed in Si0 2 (Fig. 41). 

Subsequently, gaseous Ar (at a flow rate of 70 seem) was 
introduced, and by setting the gas pressure to 10 mTorr, a high 
frequency power of 500 W was applied to remove the mixed layer 
pattern 35 by sputter etching. In this manner, an optical disk master 
with micropatterns having indentations and protrusions similar to 
those obtained in Example 3-2 was implemented (Fig. 50). 

Further, micropatterns on the optical disk master can be formed 
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by using SiN as the mask layer 32 instead of Si0 2 . 
(Example 3-4) 

In the process for forming micropatterns described in Examples 
3-1 to 3-3, Al was used as the metallic film 33. However, it is also 
possible to use a metal other than that Al. For instance, an optical 
disk master can be formed by using Co by the following process. 

In case of using Co as the metallic film 33, a mixed layer pattern 
35 comprising Co and Si was formed by laser cutting similar to that 
described in Example 3-1 (Fig. 39). Then, the AiN transparent film 34 
was removed by wet etching using a sodium hydroxide solution, and 
after removing the sodium hydroxide solution by rinsing with pure 
water, the Co metallic film 33 was removed by using an aqueous 
(3HC1/H 2 0 2 ) solution. In this manner, similar to Example 3-1, a mixed 
layer 35 of Co and Si was left over as shown in Fig. 40. 

Then, the glass substrate 7 was placed inside a dry etching 
apparatus, and by using the mixed layer 35 as a mask, dry etching of 
the Si mask layer 32 was carried out by introducing Cl 2 etching gas at a 
flow rate of 150 seem at a gas pressure of 50 mTorr, and by applying a 
high frequency power of 400 W. Under the etching conditions above, 
etching of the mixed layer pattern 35 hardly proceeded but the Si mask 
layer 32 alone was etched, because the mixed layer pattern 35 is 
comprised Co mixed in Si (Fig. 41). 

Further, by carrying out a production process (Fig. 42 and Fig. 
43) similar to that described in Example 3-1, micropatterns were formed 
on optical disk master as shown in Fig. 43. 
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Micropatterns on the optical disk master can be formed by a 
similar process by using a 3d transition metal such as Fe or Ni instead 
of Co. 

(Example 3-5) 

5 In Example 3-1, Pd can be used as the metallic film 33. In this 

case, a mixed layer pattern 35 comprising Pd and Si can be formed by 
laser cutting. The A1N transparent film 34 was removed by wet etching 
using a sodium hydroxide solution, after removing the A1N transparent 
film 34, the sodium hydroxide solution was removed by rinsing with 

10 pure water, and the Pd metallic film 33 was removed by using an 
aqueous (KI/I 2 ) solution. Similar to Example 3-1, a mixed layer 35 of 
Pd and Si was left over as shown in Fig. 40. 

Then, on performing dry etching of the Si mask layer 32 under 
the conditions similar to those described in Example 3-4, etching hardly 

15 proceeded on the mixed layer pattern 35 because Pd is mixed in Si, but 
the Si mask layer 32 alone was etched (Fig. 41). Further, by carrying 
out a production process (Fig. 42 and Fig. 43) similar to that described 
in Example 3-1, micropatterns were formed on optical disk master as 
shown in Fig. 43. 

20 (Example 3-6) 

In Example 3-1, Ti can be used as the metallic film 33. In this 
case, a mixed layer pattern 35 comprising Ti and Si can be formed by 
laser cutting. The A1N transparent film 34 was removed by wet etching 
using a sodium hydroxide solution, after removing the A1N transparent 

25 film 34 the sodium hydroxide solution was removed by rinsing with 
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pure water, and the Ti metallic film 33 was removed by using an 
aqueous (NH 4 OH/H 2 0 2 ) solution. Similar to Example 3-1, a mixed 
layer 35 of Ti and Si was left over as shown in Fig. 40. 

Then, on performing dry etching of the Si mask layer 32 under 
5 the conditions similar to those described in Example 3-4, etching hardly 
proceeded on the mixed layer pattern 35 because Ti is mixed in Si, but 
the Si mask layer 32 alone was etched (Fig. 41). Further, by carrying 
out a production process (Fig. 42 and Fig. 43) similar to that described 
in Example 3-1, micropatterns were formed on optical disk master as 
10 shown in Fig. 43. 

(Example 3-7) 

The optical disk master produced in accordance with the 
invention differs from a conventional optical disk master in that the 
indentations and protrusions are reversed. Accordingly, the 
15 indentation and protrusion shapes also result reversed in the optical 
disk finally. Thus, in Example 3-7, description is made on correcting 
the reversed indentation and protrusion. 

The correction of the reversed indentation and protrusion shapes 
is explained below. In the present case, a stamper 38 formed after the 
20 stripping off step shown in Fig. 47 is used. 

Firstly, the surface of the stamper 38 having the guide track 
thereon is oxidized by oxygen plasma. Thereafter, an Ni electrocasting 
film 37' is formed on the surface of the formed guide track by using the 
stamper 38 as the electrode. The plane of the Ni electrocasting film 37' 
25 having the indentations and protrusions formed thereon comprises 
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reversed indentations and protrusions of the Ni electrocasting film 37 
formed in Fig. 46. 

Then, by performing polishing on the back plane after stripping 
off the stamper 38 from the Ni electrocasting film 37', a work stamper 
38' is formed with reversed indentations and protrusions with respect to 
the stamper 38. By forming an optical disk substrate by injection 
molding using the work stamper 38', an optical disk substrate having 
. indentation and protrusion structure similar to that of a conventional 
type and yet having prepits and guide grooves (= 150 nm) smaller than 
the optical beam spot diameter (= about 300 nm) can be obtained. 

According to the method for forming micropatterns with 
accordance to the invention, there can be obtained a substrate having a 
micropatterns narrower in width than the optical beam spot diameter 
can be obtained, which can be used not only in the land recording 
method or a groove recording method in which the information is 
recorded in either of the indented portion and the protruded portion of 
the micropattern, but also in a land-groove recording method in which 
information is recorded on both of the indented portion and the 
protruded portion. 

Thus, according to the invention, by irradiating a converged 
optical beam to a substrate having a mask layer and a metallic film 
formed in this order, a mixed layer is formed at the interface between 
the of the mask layer and the metallic film at the portion increased to a 
predetermined temperature or higher at the central portion of the 
optical beam spot. In this manner, a substrate having a micropattern 



comprising prepits and guide grooves smaller than the optical beam 
diameter can be produced. 

Further, by using the substrate having the micropattera as 
above, an optical disk master, a stamper for optical disks, and optical 
disks having narrower track pitch can be produced. 

<Example 4: Heat-sensitive multilayer film> 

The invention provides a method for forming micropatterns, 
comprising forming a heat-sensitive multilayer film on the surface of a 
substrate, forming a mixed film the heat-sensitive multilayer film by 
elevating the temperature to a predetermined temperature or higher by 
irradiating a converged optical beam from the upper side of the 
heat- sensitive multilayer film, and selectively removing the portion of 
the heat-sensitive multilayer film other than the mixed film, so that the 
mixed film is left over on the substrate. 

In the method above, optical beam is irradiated to a 
heat-sensitive multilayer film in such a manner that the mixed film is 
formed in a region smaller than the spot diameter of the convergent 
irradiated optical beam. 

In particular, the heat- sensitive multilayer film has a 
multilayered structure comprising laminated alternating layers of at 
least one each of a metallic film and a non-metallic film, and the mixed 
film is formed by alloydizing the metallic film and the non-metallic film 
elevated to the predetermined temperature or higher. 

Further in the invention, a transparent film may be formed on 
the heat-sensitive multilayer after forming the heat-sensitive layer and 
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before forming a mixed film. In this case, the heat- sensitive multilayer 
film and the transparent film preferably provide an antireflection 
structure with respect to the irradiated converged optical beam. 

In the invention, there can be used a substrate made of Si or 
Si0 2 , a metallic film made of Al, Co, and Pd, and a non-metallic film 
made of Si Si0 2 . However, the invention is not only limited thereto. 
Furthermore, A1N can be used for the transparent film. 

The substrate having micropatterns thus formed can be used as 
an optical disk master and the like. 

Further, after selectively removing a part of the heat- sensitive 
multilayer film other than the mixed film, the region of the substrate 
having no mixed film formed thereon may be etched by using the 
remaining mixed film as a mask. 

Furthermore, after etching the substrate above, the remaining 
mixed film may be selectively removed by sputter etching. 

Moreover, by using the optical disk master having the 
micropattern as above, an optical disk stamper can be produced by 
forming an electrode film, electrocasting, and polishing the back plane. 

Further, by forming an electrocasting film on the surface of the 
optical disk stamper by using it as an electrode, and by stripping it off 
from the optical disk stamper, a work stamper for optical disks can be 
produced. 

In addition, by performing injection molding of a resin and by 
forming a recording layer and the like by using the optical disk stamper, 
an optical disk can be produced. 
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A conventional laser cutting apparatus as shown in Fig. 1 is also 
usable as the laser cutting apparatus for use in the production of an 
optical disk master according to the invention. 

Conventionally used was a glass substrate having directly 
5 formed thereon a positive-type photoresist 6. In the invention, however, 
used is a glass substrate 7 having a heat-sensitive multilayer film 
formed thereon. 

According to the invention, an optical disk master having 
micropatterns is produced by a method as follows. 
1 0 The example below refers to an optical disk of a land recording 

method or a groove recording method, in which the micropatterns 
formed on the surface of the substrate comprise a pair of an indented 
portion and a protruded portion to constitute a single track, and in 
which the information is recorded in either of the indented portion or 
15 the protruded portion. According to this method, the length 
corresponding to the sum of the width of a pair of indented portion and 
protruded portion is the track pitch TP. 

In Fig. 51 is given a schematically drawn explanatory diagram 
for laser cutting according to the production method for an optical disk 
2 0 master of the invention. 

As the optical disk master, there is used a substrate 7 made of 
glass (quartz) or silicon and the like, having formed thereon a 
heat-sensitive multilayer film 42 and a transparent film 43 in this order. 
In this case, the heat- sensitive multilayer film 42 comprises a 
25 multilayer structure comprising two or more layers; for instance, a 
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multilayer structure comprising periodically laminated alternate layers 
of a metallic film 42a and a non-metallic film 42b. For instance, Al can 
be used as the metallic film 42a, and for example, Si can be used as the 
non-metallic film 42b. 
5 In Fig. 51 is shown a structure comprising three metallic films 

42a and two non-metallic films 42b arranged in alternate layers. 
However, the invention is not only limited thereto, and there may also 
be used a multilayer structure comprising one each of a metallic film 
and a non-metallic film, or a multilayer structure comprising three or 

10 more layers. In the example shown in Fig. 51, for instance, the film 
thickness of one metallic film 42a may be set to 8 nm, and that of one 
non-metallic film may be set to 8 nm, while setting the height of the 
entire heat- sensitive multilayer film 42 to about 40 nm. Further, the 
film thickness of the transparent film 43 may be set to about 44 nm. 

15 The film thickness of the transparent film 43 must be set in 

such a manner that it exhibits an antireflective effect with respect to the 
laser radiation 2 used for the exposure. For instance, a preferred film 
thickness w of the transparent film 43 is set to w = (mA,)/(4n), where m 
is an odd number, X represents the wavelength of the laser radiation 2, 

20 and n represents the refractive index of the transparent film 43. m 
represents the odd number. There can be used A1N for the transparent 
film 43. 

By thus providing a transparent film 43 having an antireflection 
structure formed on the heat-sensitive multilayer film 42, the optical 
25 beam 2 is absorbed by the heat-sensitive multilayer film 42, and the 
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transparent film 43. A Gaussian temperature distribution 
corresponding to the intensity distribution of the optical beam 2 results 
in the heat-sensitive multilayer film 42. In Fig. 52 is shown an 
example of a temperature distribution with respect to the spot diameter 
5 of the optical beam irradiated to the transparent film 43. 

By irradiating an optical beam 2 to the heat-sensitive multilayer 
film 42, a mixed film 44 comprising an alloydized metallic film 42a and 
non-metallic film 42b is formed at the portion of the heat- sensitive 
multilayer film 42 the temperature of which is elevated to a 

10 predetermined value or higher. 

For instance, in case the optical beam spot diameter BS is set to 
300 nm, the temperature distribution shown in Fig. 52 yields a peak of 
about 1000 °C in the heat-sensitive multilayer film 42, and the width of 
the region having its temperature elevated to 700 °C or higher, i.e., the 

15 width of the mixed film 44, is smaller than the optical beam spot 
diameter, and is about 120 nm. In Fig. 52, 700 °C is the mixed film 
forming temperature, i.e., the lower limit for forming the mixed film 44. 
The formation of the mixed film 44 with such a minute width can be 
confirmed by means of electron microscope. 

2 0 The portion of the heat-sensitive multilayer film 42 in the region 

other than the mixed film 44 is removed by etching performed in the 
later process step. 

Since the heat-sensitive multilayer film 42 is formed by 
alternately laminating two types of extremely thin films, mixing of the 

25 metal and the non-metal proceeds efficiently at the portion the 
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temperature thereof is elevated to a predetermined value or higher. 
That is, alloydizing occurs uniformly at a high rate in the direction 
perpendicular to the film from the surface portion to the bottom portion 
of the heat-sensitive multilayer film 42. Thus, a uniform mixed film 
having sufficient height as a mask material can be used in the etching 
of the heat-sensitive multilayer film 42. 

In Fig. 53 is shown a cross section shape in case exposure is 
performed to the neighboring track having a width of track pitch TP (= 
300 nm) almost equivalent to that of the optical beam spot diameter BS. 
Since the width of the region (= 150 nm) having its temperature elevated 
to the mixed film forming temperature or higher is smaller than the 
optical beam spot diameter BS (= 300 nm) in this case, the mixed film 
44 is formed separated in the direction of the track. 

Figure 54 shows a cross section shape in case the laser cutting 
above is performed continuously to implement a spiral-like laser cutting. 
Referring to Fig. 54, the mixed films 44 are aligned inside the 
heat- sensitive multilayer film 42 uniformly in the vertical direction and 
separated from each other along the direction of the track. The 
continuous cutting is carried out by gradually moving the down edge 
mirror 3-3 and the objective lens 5 shown in Fig. 1. 

In Fig. 55 is shown the cross section of a state in which the 
transparent film 43 alone was etched after applying the laser cutting 
above. Etching can be carried out by using a wet etching solution (e.g., 
sodium hydroxide) or a dry etching gas (e.g., CF 4 ), which is capable of 
etching the transparent film 43 alone. 
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In Fig. 56 is shown a cross section shape obtained after 
removing the heat- sensitive multilayer film 42 of the portion other than 
the mixed film 44 from the state shown in Fig. 55. The heat-sensitive 
multilayer film 42 can also be removed by wet etching or dry etching. 
In case of etching the transparent film 43 and the heat-sensitive 
multilayer film 42 by using a different method or a different material, 
the etching must be performed separately; however, in case the same 
wet etching solution or dry etching gas is used for both films, the 
process need not be performed in two times, but the transparent film 43 
and the heat-sensitive multilayer film 42 can be etched simultaneously. 

Referring to Fig. 56, a substrate 7 with a structure having mixed 
films 44 arranged at an interval of track pitch TP of about 300 nm is 
formed. The substrate having a structure as shown in Fig. 56 can be 
used as an optical disk master. 

Subsequently, with the state shown in Fig. 56, the substrate 7 is 
etched to a depth of about 40 nm by using the mixed film 44 as a mask 
(Fig. 57). The etching can be performed by wet etching or dry etching. 

The substrate in the state as shown in Fig. 57 can also be used 
as an optical disk master. Furthermore, by etching the substrate 7 
and the mixed film 44 by means of sputter etching, a substrate 7 having 
indentations and protrusions on the surface as shown in Fig. 58 is 
formed. By performing sputter etching, the surface roughness of the 
substrate 7 shown in Fig. 58 can be reduced, and can also be used as 
an optical disk master having a micropattern structure with a guide 
track pitch nearly equal to the track pitch TP. 
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Then, the process for producing an optical disk from the optical 
disk master finished by the production process above is described below. 
More specifically, a process for producing an optical disk using the 
optical disk master shown in Fig. 58 is described. 

In the following, the cross section states of the disk are shown. 
More specifically, Fig. 59 shows the process step for forming an 
electrode film, Fig. 60 shows a step for forming an Ni electrocasting, Fig. 
61 shows a step for forming a stamper by stripping off, Fig. 62 shows a 
step for molding a resin optical disk substrate, Fig. 63 shows a step for 
finishing the optical disk substrate, and Fig. 64 shows a step for 
forming a recording medium. 

Firstly, as shown in Fig. 59, an electrode film 45 to provide an 
electrode for electrocasting is formed on the surface of the optical disk 
master by means of sputtering and the like. As the electrode film 
material, preferred is to use a metal such as Ni, Ta, stainless steel, and 
the like. Further, to facilitate the stripping off of the stamper from the 
electrode film 45 in the later step of stripping off the stamper, the 
surface of the electrode film is subjected to oxidation treatment by 
means of ashing and the like. 

Then, as shown in Fig. 60, an Ni electrocasting film 46 is formed 
by carrying out electrocasting of Ni using the electrode film 45 as the 
electrode. 

Subsequently, as shown in Fig. 61, after stripping off the Ni 
electrocasting film 46 from the electrode film 45, the back plane (the 
side which is not the indentations and protrusions as shown in Fig. 60) 



of the Ni electrocasting film 46 is subjected to polish treatment. The Ni 
electrocasting film 46 subjected to polish treatment provides a stamper 
47. 

As shown in Fig. 62, the stamper 47 is attached thereafter to an 
5 injection molding machine, and by injection molding a resin such as 
polycarbonate, a resin optical disk substrate 48 can be obtained as 
shown in Fig. 63. 

Finally, as shown in Fig. 64, a recording medium 49 is formed 
on the plane of the optical disk substrate 48 having formed thereon the 
10 guide track (i.e., the surface of the substrate having the indentations 
and protrusions) to obtain a finished optical disk. 

The recording medium 49 referred herein is a so-called 
structured layer consisting of plural layers for recording data; for 
instance, it may comprise a transparent dielectric layer, a recording 
15 layer, a transparent dielectric layer, and a reflection layer laminated in 
this order. 

Thus, the optical disk produced in this manner comprises a 
rectangular guide track (the protruded portion formed on the surface of 
the disk shown in Fig. 64) formed at a track pitch TP (e.g., 300 nm) 

20 nearly equal to the optical beam spot diameter BS used for laser cutting. 
Since a rectangular guide track is formed, an optical disk with a 
narrower track pitch suitable for high density recording and having 
improved stability in tracking performance can be implemented with 
high precision by using the optical disk master produced in this 

25 manner. 
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Examples of the optical disk masters and the methods for 
producing optical disk masters and the like according to the invention 
are described below. 

(Example 4-1) 

On a glass substrate 7, a heat-sensitive multilayer film 42 was 
formed at a film thickness of 40 nm, and an A1N film was formed 
thereon at a film thickness of 44 nm to provide a transparent film 43 by 
means of a sputtering method. The heat-sensitive multilayer film 42 
comprised Al (with a film thickness of 8 nm) as the metallic film 42a 
and Si (with a film thickness of 8 nm) as the non-metallic film 42b 
formed alternately from Al, as to result in a film with a total film 
thickness of 40 nm. 

Subsequently, laser cutting was performed. More specifically, a 
laser radiation 2 emitted at a wavelength of 351 nm from a Kr laser light 
source 1 was converged and irradiated to the surface of the transparent 
film 43 by using an objective lens 5 having a numerical aperture NA of 
0.95. The optical beam spot diameter BS of the converged laser 
radiation 2 was found to be approximately 300 nm. 

Then, laser cutting was performed at a track pitch TP of 300 nm 
and at a laser power intensity of 20 mW. In this case, the 
heat-sensitive multilayer film 42 and the transparent film 43 provide an 
antireflection structure with respect to a laser radiation 351 nm in 
wavelength. Thus was obtained a mixed film 44 as shown in Fig. 54. 

Then, by wet etching using a sodium hydroxide solution, the A1N 
transparent film 43 was removed as shown in Fig. 55. Then, by means 
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of a similar wet etching, the heat- sensitive multilayer film 42 was 
removed as shown in Fig. 56. As a result, the metallic film 42a and the 
non-metallic film 42b were removed, and a mixed film 44 made of Al 
and Si was left over as shown in Fig. 56. Further, through observation 
under an electron microscope, the pattern width of the remaining mixed 
layer 14 was found to be about 120 nm. 

Thus, a mixed film pattern 44 having a track pitch TP equal to 
that of the optical beam spot diameter BS and a narrower pattern width 
than the optical beam spot diameter BS was formed as shown in Fig. 
56. 

The procedure for removing the A1N transparent film 43 and the 
heat-sensitive multilayer film 42 by means of wet etching has been 
described above for an explanatory means, but it may be carried out in 
a single process step so long as the mixed film pattern 44 is left over. 

In the conventional production method described previously, the 
track pitch TP had to be set about twice the beam spot diameter BS to 
obtain rectangular indentation and protrusion patterns. However, 
according to the invention, rectangular indentation and protrusion 
patterns can be implemented even in case the track pitch TP is 
approximately equal to the beam spot diameter BS. 

Subsequently, by using the mixed film pattern 44 as a mask, dry 
etching of Si substrate 7 was performed. Thus, the Si substrate 7 was 
placed inside a dry etching apparatus, a mixed gas of CF 4 etching gas 
(at a flow rate of 50 seem) and 0 2 (at a flow rate of 30 seem) was 
introduced inside the apparatus, and the gas pressure on dry etching 
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was set to 30 mTorr, at which radio frequency power of 400 W was 
applied. Since the mixed film pattern 44 is comprised a mixture of Si 
with Al, etching of the mixed film hardly proceeded but the Si substrate 
7 alone was etched under the dry etching conditions above. In this 
manner, a Si substrate 7 etched to a depth of about 40 nm was formed 
as shown in Fig. 57. 

Subsequently, gaseous Ar was introduced at a flow rate of 70 
seem, and by setting the gas pressure to 10 mTorr, a high frequency 
power of 500 W was applied to remove the mixed film pattern 44 by 
sputter etching. In this manner, an optical disk master was 
implemented as shown in Fig. 58. 

Subsequently, on the optical disk master shown in Fig. 58, an Ni 
electrode film 45 was formed by sputtering, and after oxidizing the 
surface of the Ni electrode film 45 by using oxygen plasma, an Ni 
electrocasting film 46 was formed by electrocasting to obtain a stamper 
47. Thus, a recording medium 49, which comprises a transparent 
dielectric layer, a recording layer, a transparent dielectric layer, and a 
reflection layer, was sequentially formed on an optical disk substrate 48 
prepared by injection molding, and a protective coating layer made of an 
ultraviolet curable resin was formed thereon. The recording layer above 
is made from a material capable of recording information with a 
convergent irradiated laser radiation by using an optical pick up of an 
optical disk drive, and usable are a magnetooptical recording material 
or a phase transformation material. Thus was obtained an optical disk 
as shown in Fig. 64. 
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In the example above, the optical disk master was obtained by 
removing the mixed film pattern 44 by sputter etching as shown in Fig. 
58. However, the state having the mixed film pattern 44 remaining 
thereon can also be used as an optical disk master. 

However, in order to reduce the noise of the optical disk, it is 
preferred to perform sputter etching as described above. On 
measuring the surface roughness at each state by using an atomic force 
microscope, the surface roughness of the etching plane of the Si 
substrate 7 in case of not performing sputter etching was found to be 
0.29 nm, and in contrast to the surface roughness of 0.88 nm for the 
mixed film pattern 44, the etched plane of the Si substrate 7 was found 
to be reduced to 0.23 nm by performing sputter etching; the surface 
roughness of the Si substrate 7 obtained after removing the mixed film 
pattern 44 was found to be 0.27 nm. That is, the surface roughness of 
the optical disk master can be reduced by performing sputter etching, 
and thereby an optical disk with reduced noise can be realized. 
(Example 4-2) 

An Si substrate was used as the substrate 7 in the process for 
producing the micropatterns of Example 4-1, but it is possible to use a 
substrate other than Si substrate. Accordingly, a case of using a 
quartz (Si0 2 ) substrate as the substrate 7 is described in the example 
below. 

Firstly, in a manner similar to that described in Example 4-1, a 
heat-sensitive multilayer film 42 and an A1N transparent film 43 were 
formed on the SiQ 2 substrate. The heat-sensitive multilayer film 42 
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comprised Al (with a film thickness of 8 nm) as the metallic film 42a 
and Si0 2 (with a film thickness of 8 nm) as the non-metallic film 42b 
formed alternately from Al, as to result in a film with a total film 
thickness of 40 nm. By applying laser cutting to the substrate 7 thus 
prepared, a mixed film 44 of Al and Si0 2 was formed (Fig. 54). 

Then, similar to Example 4-1, the A1N transparent film 43 and 
the heat-sensitive multiplayer film 42 were sequentially removed, and 
dry etching was performed by using the mixed film 44 of Al and Si0 2 as 
a mask. Dry etching was carried out by introducing CF 4 etching gas (at 
a flow rate of 100 seem) at a gas pressure of 30 mTorr, and by applying 
a high frequency power of 400 W. 

Under the etching conditions above, etching of the mixed film 
hardly proceeded but the SiO a substrate 7 alone was etched, because 
the mixed film pattern 44 is comprised Al mixed in Si0 2 (Fig. 57). 

Finally, an optical disk master as shown in Fig. 58 having 
indentations and protrusions similar to those obtained in Example 4- 1 
was implemented by performing sputter etching. 

(Example 4-3) 

In Example 4-2, Si0 2 was used as the non-metallic film 42b in 
the heat-sensitive multilayer film 42 provided on the quartz (Si0 2 ) 
substrate 7. In the present case, Si as used in Example 4-1 was 
employed for the non-metallic film 42b. 

In Example 4-3, laser cutting was preformed in a manner similar 
to that described in Example 4-1 to form a mixed film 44 of Al and Si. 
Subsequently, after sequentially removing the A1N transparent film 43 
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and the heat- sensitive multilayer film 42 in a manner similar to that 
described in Example 4-1, the SiC>2 substrate 7 alone can be etched by 
performing dry etching using the mixed film 44 of Al and Si as a mask 
(Fig. 57). 

The dry etching herein can be performed by introducing CF4 
etching gas (at a flow rate of 100 seem) at a gas pressure of 30 mTorr, 
and by applying a high frequency power of 400 W. Under the etching 
conditions above, etching of the mixed film pattern 44 hardly proceeds, 
because the mixed film pattern 44 comprises Al mixed in Si. By finally 
carrying out sputter etching in a manner similar to that described in 
Example 4-1, an optical disk master having indentations and 
protrusions can be obtained similarly to the case of Example 4-1 (Fig. 
58). 

(Example 4-4) 

In the method for forming micropatterns as described in 
Examples 4-1 and 4-2, Al was used as a metallic film 42a of the 
heat- sensitive multilayer film 42, however, a metal other than Al may be 
used. For instance, in case of using Co as the metallic film, an optical 
disk master can be formed by a process as follows. 

In case of using Co as the metallic film 42a in the heat- sensitive 
multilayer film 42, a mixed film pattern 44 comprising Co and Si02 was 
formed by laser cutting in a manner similar to that employed in 
Example 4-1 (Fig. 54). 

The A1N transparent film 43 was removed by wet etching using a 
sodium hydroxide solution (Fig. 55), and after removing the sodium 
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hydroxide solution by rinsing with pure water, the heat- sensitive 
multilayer film 42 was removed by using an aqueous (3HC1/H 2 0 2 ) 
solution. In this manner, a mixed film 44 of Co and Si0 2 was left over 
as shown in Fig. 56 in a manner similar to Example 4-1. 

Then, the quartz substrate 7 was placed inside a dry etching 
apparatus, and by using the mixed film pattern 44 as a mask, dry 
etching was carried out by introducing CF 4 etching gas at a flow rate of 
100 seem at a gas pressure of 30 mTorr, and by applying a high 
frequency power of 400 W. Under the etching conditions above, 
etching of the mixed film 44 hardly proceeded but the quartz substrate 
7 alone was etched, because the mixed film pattern 44 is comprised Co 
mixed in Si0 2 (Fig. 57). 

Further, by performing sputter etching similar to that described 
in Example 4-2, an optical disk master shown in Fig. 58 was produced. 

As the metallic film 42 a, there can be used a 3d transition metal 
of Fe or Ni similar to Co to form an optical disk master. 

(Example 4-5) 

In Example 4-2, Pd can be used as the metallic film 42a 
constituting the heat- sensitive multilayer film 42. In this case, a mixed 
film pattern 44 comprising Pd and Si0 2 was formed by laser cutting (Fig. 
54). The A1N transparent film 43 was removed by wet etching using a 
sodium hydroxide solution, and after removing the sodium hydroxide 
solution by rinsing with pure water, the heat-sensitive multilayer film 
42 was removed by using an aqueous (KI/I 2 ) solution. Similar to 
Example 4-1, a mixed layer 14 of Pd and SiQ 2 was left over as shown in 



82 



Fig. 56. 

Then, on performing dry etching of the quartz substrate 7 under 
the conditions similar to those described in Example 4-4, etching hardly 
proceeded on the mixed film pattern 44 because Pd is mixed in Si0 2 , 
but the quartz substrate 7 alone was etched. Further, by carrying out 
sputter etching similar to that described in Example 4-1, optical disk 
master as shown in Fig. 58 was produced. 

(Example 4-6) 

The optical disk master shown in Fig. 59 produced in 
accordance with the invention differs from a conventional optical disk 
master in that the indentations and protrusions are reversed. 
Accordingly, the indentation and protrusion shapes also result reversed 
in the optical disk finally obtained as shown in Fig. 64. 

Thus, in Example 4-6, description is made on correcting the 
reversed indentation and protrusion. In this case, a stamper 47 
formed after the stripping off step shown in Fig. 61 is used. Firstly, the 
surface of the stamper 47 having the guide track thereon is oxidized by 
oxygen plasma. Thereafter, an Ni electrocasting film 46' is formed on 
the surface of the formed guide track by using the stamper 47 as the 
electrode. The plane of the Ni electrocasting film 46' having the 
indentations and protrusions formed thereon comprises reversed 
indentations and protrusions of the Ni electrocasting film 46 formed in 
Fig. 60. 

Then, by performing polishing on the back plane after stripping 
off the stamper 47 from the Ni electrocasting film 46', a work stamper 
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47' is formed with reversed indentations and protrusions with respect to 
the stamper 47. By forming an optical disk substrate by injection 
molding using the work stamper 47', an optical disk substrate having 
indentation and protrusion structure similar to that of a conventional 
type and yet having prepits and guide grooves (= 150 nm) smaller than 
the optical beam spot diameter (=about 300 nm) can be obtained. 

By employing the method for forming micropatterns according to 
the present invention, there can be produced a substrate having 
micropatterns having widths narrower than the optical beam spot 
diameter for use in, not only a land recording method or a groove 
recording method in which the information is recorded in either of the 
indented portion and the protruded portion of the micropattern, but 
also a land-groove recording method, in which information is recorded 
on both of the indented portion and the protruded portion. 

The method is not only limited to grooves and lands, but is also 
effective similarly in a pit recording method, in which information is 
recorded by forming prepits, to realize miniaturized pits. 

According to the method for forming micropatterns of the 
invention, by irradiating a converged optical beam to a substrate having 
a heat-sensitive multilayer film formed, a mixed film is formed at the 
portion the temperature of which is elevated to the alloydizing 
temperature or higher at which the heat-sensitive multilayer film is 
alloydized at the central portion of the optical beam spot. Hence, a 
substrate having a micropattern comprising prepits and guide grooves 
smaller than the optical beam diameter can be produced. 
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Further, by using the substrate having the micropattern, an 
optical disk master, a stamper for optical disks, and optical disks 
having narrower track pitch can be produced. 
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